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PREFACE 


This book is a translation and revision of Volume II/1 of the 
twelfth edition of Richter-Anschiitz’ Chemie der Kohlenstoffverbin- 
dungen, which was published in German in 1935. The revision has 
been carried out in the following fashion: the authors of the various 
sections added to, and in some parts re-wrote, their contributions to 
the German edition, and the whole was then translated. Dr. Millidge 
was responsible for almost all the translation, but some of the earlier 
parts were carried out by Dr. A. Finkelstein and Dr. N. Rydon. 
I then worked through the translation and produced the text which 
appears in this book. I cannot claim to have carried out as complete 
a revision as I should have wished; the time which a college tutor 
has available is quite insufficient for such a task. My aim was to 
extend the number of references quoted in the text, particularly to 
special monographs, so as to make the book of greater use as a source 
of information for English speaking people, to make some mention 
of recent work on the subjects discussed and to remove inconsistencies 
between the various sections. It has been impossible to consult the 
authors of the German text upon every point that arose, and so 
the responsibility for the final form of the text is mine alone. 

The sections dealing with the Digitalis saponins, the cardiac glyco¬ 
sides and the toad poisons have been entirely re-written by Professor 
F. Reindel. In the final revision of the vitamin section I have 
had the valuable assistance of Professor A. R. Todd, to whom my 
warmest thanks are due. I must also express my thanks to Dr. 
F. Rochussen for the trouble he has taken in helping me with the 
printing and proof-reading. He has read the whole volume through, 
both in manuscript and in two proofs, and has made many useful 
suggestions. Finally, my thanks are due to Dr. A. Finkelstein who 
was of help in the preliminary arrangements and in the earlier 
sections which he translated, and to Dr. S. G. P. Plant who assisted 
in the revision of those sections. 

One new feature of the present EngUsh edition of this work is 
that, with the exception of a few non-chemical journals, the references 
are given to the original papers and not to the ZerUralblcUty and that 
the names of the authors have been added to all the references. 

Brasenose College, Oxford, October 1938. 


T. W. J. Taylor. 
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INTRODUCTION 


In the first volume of this work the methane derivatives or acyclic 
carbon compounds containing open carbon chains have been described. 
The subject matter of the next two volumes comprises organic com¬ 
pounds with closed carbon chains or carbon rings, termed carbocyclic 
compounds. An analogous group is constituted, e.g., by the azocyclic 
compounds, with a ring consisting exclusively of nitrogen atoms, as 
was formerly assumed in hydrazoic acid. The carbocyclic compounds 
are often referred to as isocyclic compounds, though this is too general 
an expression, since it implies any compound containing a ring formed 
from atoms of one and the same element, whatever that element may 
be. The carbocyclic compounds must be distinguished from the 
heterocyclic compounds, which contain rings formed partly of carbon 
atoms, and partly of other atoms. 

Both in the acyclic class and in the carbocyclic class the hydro¬ 
carbons are regarded as the parent substances from which the other 
compounds are derived. Saturated carbocyclic hydrocarbons are 
isomeric with olefins containing the same number of carbon atoms 
and consist of rings composed of three or more methylene groups. 
They are called either eyeloparaffins according to the Geneva con¬ 
vention, by a name formed from that of the corresponding normal 
paraffin by adding the prefix “cyclo”, or polymethylenes, distinguished 
as tri-, tetra- etc. methylenes according to the number of methylene 
groups in the ring. An older terminology using the name of the 
isomeric normal olefin and prefixing “R’’ (ring-olefins) has become 
obsolete. The term preferred at present is “cycloparaffins”. The 
parent substances constitute the homologous series: 


Cyclopropane (trimethylene) 
Cyclobutane (tetramethylene) 
Cyclopentane (pentamethylene) 
Cyclohexane (hexamothylene) 
Cycloheptane (heptamethylene) 
Cyclo-octane (octamethylene) 
Cyolononane (nonamethylene) 


CH 2 V 

' >CH2 


ca 




CH 2 —CH 2 


CH 2 —CHjs^ 


yCH, 


CHg—CH 2 —CHj 
CH2-~CH2—CHjs 

I 

CHo-OH.—CH. 


ycH, 


CH2—CH2—CHa—CH2 
CHg—CHg—CHg—CHa\ 

I >CH 2 etc. 

CHa—CH2—CHa-OH/ 


Biohter-Anschtitz li. 
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INTRODUCTION 


Cyclohexane or hexamethylene is also called hexahydro-benzene 
and cycloheptane or heptamethylene is known as suberane. 

Just as compounds with two, three or more double bonds can be 
derived from paraffins, so unsaturated cyclo-olefins can be derived 
from cyclo-paraffins. 

A special importance attaches to the carbocyclic ring of benzene, 
which is the parent hydrocarbon of the aromatic substances or benzene 
derivatives, the most numerous class of organic compounds. August 
KehuU formulated benzene as a ring of six carbons linked by 
alternating double and single bonds, i.e. as a cyclo-triolefin. 

.CH—CH. 

Benzene (cyclo-hexatriene) CH<f^ >CH. 

\CH=CH/ 


This view, hewever, is incapable of accounting for all the facts 
which we now know about benzene, and its true structure, which 
is that of a resonance-hybrid, will be discussed in detail in the 
appropriate place. 

Benzene can be converted into hexahydro-benzene (cyclohexane) 
by the addition of hydrogen. There is a steady increase in the 
number of compounds known which are derived from dihydro¬ 
benzene (cyclohexadiene) or from tetrahydrobenzene (cyclohexene). 
These groups together with the cyclohexane derivatives are 
sometimes called mononuclear hydroaromatic compounds. Many 
substances occurring in nature, the terpencs among them, belong 
to this class. 

If the system outlined were strictly adhered to, the homologous 
cycloparaffin systems, together with the corresponding cyclo-olefins, 
would be arranged in a sequence based upon the number of carbon 
atoms in the ring. It is proposed to deviate from this systematic 
order in two points. The mononuclear 6-ring compounds are, on 
account of their great number, omitted from the homologous series 
and described in a section which follows that series. Secondly, the 
mononuclear aromatic compounds or benzene derivatives are separated 
from the mononuclear hydroaromatic compounds. The behaviour of 
the aromatic compounds differs in many respects from that of the 
aliphatic substances, while the hydroaromatic compounds together 
with the known carbocyclic substances with 3, 4, 5, 7, 8, 9 or more 
ring members resemble to a much greater extent the open-chain 
compounds, either of the saturated, or, if the ring contains doubly 
bound carbon atoms, of the unsaturated type. Such substances are 
therefore often spoken of as aliphatie-eyclic or alicyclic, saturated 
or unsaturated compounds. 

The polynuclear aromatic compounds which follow are closely 
related to the mononuclear aromatic compounds and are derived 
from the following parent hydrocarbons: 

I. Phenyl-benzenes (phenyl = C«H,). 


H H 
.C=C, 


H H 

C=Cv 


0 - 0 = 


H H 


H H 


diphenyl; diphenyl-benzenes 
(CgH 5 ) 20 QH 4 etc. 
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II. Polyphenyl paraffins, olefines, acetylenes, in which the benzene 
residues are held together by aliphatic hydrocarbon residues: 


C.H 5 , 


‘>CH, 


diphenyl- 

methane 


C.H,\ 

C,H,^H [C,H,.CH.—], [C,H,.HC=], [C.H,.C=], 

triphenyl- dibenzyl stilbene tolane 

methane 


III. Condensed nuclei: 
1. Indene group 
H 


-CH 

H Hj 

2. Naphthalene group 

H H 

yC. 

HC^ '^CH 

i II I 


CgHg indene. 


CioHg naphthalene. 


H 


H 


3. Fluorene group 

H H H H 

c=c c=c 

HC^" J^CH CijHio fluorene. 


H 


Cf^ 

H 


Nch./ 

4. Phenanthrene group 

H H H H 

C==C Q _ C 

HC<^^ ^ 14^10 phenanthrene. 

H H 

H H 

5. Anthracene group 

H H H 

CH 

I II I I C 14 H 10 anthracene. 

^\yKy\y='‘ 

H H H 


The more important free organic radicals, which are closely related 
to the polynuclear aromatic hydrocarbons, are described in the 
following chapter. 

The counterparts of polynuclear aromatic hydrocarbons are found 
in the polynuclear alicyclic compounds, which are included after the 
corresponding mononuclear compounds. The next section comprises 
the terpenes and the resins, many of which occur naturally in 
essential oils. 


!♦ 
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INTRODUCTION 


During the last 20 years, since the eleventh German edition of 
this book was published, the number of known carbocyclic compounds 
has grown enormously. The matter has therefore been divided into 
two volumes in the following way: 

Second Yolumo. 

A. Alicyclic compounds. 

la. Mononuclear 3-, 4-, 5-, 7-, 8- and poly-membered ring 
compounds. 

l b. Mononuclear 6-membered ring, or hydroaromatic com¬ 
pounds. Hydrobenzene derivatives. 

II. Polynuclear alicyclic compounds. 

HI. Terpenes, resins. 

B. Natural Products. 

Third Volume. 

A. Aromatic compounds. 

I. Mononuclear aromatic compounds, benzene derivatives. 
II. Polynuclear aromatic compounds. 

B. Organic free radicals. 



A. AHCYCLIC COMPOUNDS 

BY F. ROCHUSSEN AND K. NIEDERLANDER 

Many natural products either belong to or are closely related to 
the class of alicyclic substances; examples are naphthenes and 
naphthenic acids occurring in petroleum, truxillic and truxinic acids 
found in cola leaves, pyrethrins in chrysanthemum, many monocyclic 
terpenes as limonene, phellandrene, and the natural odorants 
jasmone, muscone and civetone (cf. the sections on pinene, camphor, 
tropine, ecgonine, pseudopelletierine etc.) 


PHYSICAL PROPERTIES 

Tho physical properties of the simpler cycloparaffins are shown below 
{Willstatter, Bor. 40, 3981). The constants of the hydrocarbons Cjo to C 30 
will be found in the section on large rings p. 80. 


Name 

Melting point 

Boiling point 

<1® 


Cyclopropane .. .. 

gaseous 

1 

03 

_ 

_ 

Cyclobutane .. .. 

liquid 

11-120 

0-7038 

1-37620 

Cyclopentane .. .. 


49 ® 

0-7636 

1-40866 

Cyclohexane .. .. 

! + 6 . 4 ® 

810 

0-7934 

1-4266 

Cycloheptano .. .. | 

1 — 12® 

1170 

0-8276 

1-44621 

Cydo-octane .. .. 1 

+ 11.50 1 

1480 

0-860 

1-44777 

Cyclononane ,. .. | 

! 

1710 

0-786 (?) 

1-4328 


Tho melting points of the hydrocarbons and ketones of this class oscillate 
up to C 15 . The curve rises then to a maximum at to ^19* drops steeply 
to a minimum at C 20 and €22 and rises again slowly in the larger rings 
Cjo and C 34 . The maximum and the minimum have also been established 
in tho diketone series {Buzicka, Helv. 13, 1152; 17, 82). There is a marked 
contrast with the aliphatic series, where melting points rise continuously 
with increasing molecular size, in agreement with the parallel arrangement 
of zig-zag chains disclosed by X-ray analysis of the paraffins {MtiUer, Shearery 
J. 128, 3166; Katz, Z. ang. Ch. 41, 329; Meyery ib. 938; Ruzicka, Helv. 9, 
610 note 2 ). 

While the density of aliphatic compounds increases regularly with the 
number of carbon atoms, that of the cycloparaffins and cyclic ketones reaches 
a maximum and then slowly falls off, approaching the aliphatic curve (Buzicka, 
Helv. 9, 499; 18, 1167; 17, 79). An explanation is offered by the conception 
for the solid cyclanes of closed chains in parallel arrangement, which recalls 
the paraffin structure. 

It is interesting to note that the minimum of the yield of the ketones 
obtained in the thermal decomposition of dibasic acids corresponds with the 
maximum of the density of the ketones (id. Helv. 18, 1197). 

The molecular volume of cyclic compounds, hydrocarbons as well as 
ketones, is throughout smaller than that of the corresponding aliphatic 
compounds (id. Helv. 9, 499). The difference is less marked with the 
lower than with the higher members. In the smaller rings, carbonyl 
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requires less space than methylene, in the large rings this difference 
becomes neglegible (id. Helv. 18, 1164). A thermodynamic relationship 
between density and the size of the ring has been deduced, based on the 
space requirements caused by the directed valencies; it leads to the result 
that the methylene chain must be regarded as occupying roughly a spherical 
volume up to C14, while from Cm upwards the ring is stretched out in one 
direction with parallel sides (id. Helv. 18, 1185). These conclusions are 
supported by the results of X-ray spectroscopy of crystals {KatZy Z. Phys. 
46, 392, 19; Mullery Helv. 16,166), as well as by observations of the spreading 
of monomolecular films. Further, with the higher molecules (C^g) the values 


M i 

of the parachor P = (where M ^ 


molecular weight, d = density, 


y = surface tension) approach those of the corresponding aliphatic compounds 
{Vogel, J. 1928, 2018, Ruzicka, Helv. 15, 8; 16, 487; MuUer, ib. 16, 166, 162): 


King 

2 

3 

4 

6 

6 

7 1 

8 

16 

17 

P 

23-2 

I6.7 

11*6 

8.5 

6.1 

6.0 

4.3 

-2 (-4.8) 

-10.6 


In good agreement with these conceptions the mean molecular coefficient 
M 

of compreasibility /Smoi. — ^ (M = mol. weight, d ~ density, p — coefficient 

of compressibility) is nearly constant in the aliphatic series, but decreases 
markedly with increasing size of ring in the carbocyclic compounds {Muller, 
Helv. 16, 489). 

The molecular refraction, computed from the densities and refractive 
indices, tallies for the six-ring with the theoretical value (vol. I, introduction), 
ring closure having no effect. The 3-, 4- and 6-rings show positive exaltations, 
while all higher mombered systems are found to have negative exaltations 
{Ruzicka, Helv. 18, 1162; 14, 1323; 17, 81). The ring increments compared 
to the “normal” 6-ring are 


Ring 

3 

4 1 6 

6 

7 

8 

Increment 

4- 0.7 

+ 0-46 1 + 0.04 j 

0-0 1 

- 0.10 

- 0.47 


Ring closure appreciably depresses the specific exaltation of unsaturated 
compounds {Auwers, Ann. 410, 299; 415, 98). 

The molecular refractive index, the product of refractive index and mole¬ 
cular weight, seems to be of importance as an indication of constitution, as 
has been shown by the comparison of paraffins with isoparaffins and naph¬ 
thenes {Eisenlohr and Wohlisch, Bor. 58, 1746; Suida, Ber. 66, 1445; Fajans, 
Z. phys. Ch. 99, 396). 

Finally, the Raman spectrum may be mentioned as a method for ascer¬ 
taining the number and position of double bonds, e.g. in dipentene, terpinene, 
terpinolene {Ruzicka, Helv. 16, 842; Oachard, Bull. Pin 1988, 97; Kornfeld, 
Z. ang. Ch. 48, 393), since particular frequencies characterise the single 
and double linkages. 


RING STRAIN, STABILITY AND EASE OF FORMATION 

The tetrahedral hypothesis of Le Bel and vanH Hoff, which afforded an 
excellent explanation of optical isomerism and was the best picture of 
the general stereochemistry of carbon before cyclic compounds were known, 
cannot, in its original form, be applied to the latter class of substances. 
The variations of stability and of ease of formation could not be reconciled 
with the conception of rigid tetrahedra {W, Huckel, Ber. 59, 2826). 

Experience has shown that cyclopropane and cyclobutane rings are opened 
more readily than the more stable cyclopentane and cyclohexane rings. 
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Cycloheptane, cyclo-octane and cyclononane rings again are difficult to 
prepare and are often easily converted into rings of fewer carbon atoms. 
On the other hand, from the ten-membered ring upwards ease of formation 
and stability increase again (p. 77). Similar observations have been made 
with regard to the formation of certain heterocyclic derivatives of aliphatic 
substances, e.g. of lactones, lactams and dicarboxylic anhydrides. In the 
section on hydroxy-acids (Vol. I, 414) a hypothesis dealing with the spatial 
arrangement or configuration of carbon chains was outlined, to explain 
why y- and d-lactones are formed so much more readily than a- and 
/^-lactones. 

The Strain Theory of Baeyer (Ber. 18, 2278; 23, 1276; recent references 
cf. Ruzicka, Helv. 9, 230, 249, 939) attempted to explain the differing 
stability of the cyclopropane, cyclobutane, cyclopentane and cyclohexane 
rings. The basic assumption of this theory is as follows: “The four valencies 
of carbon act in directions which join the centre of a sphere with the 
corners of a regular tetrahedron enclosed by the sphere; the angle formed 
by any two of these directions is 109® 28'. The valency direction can undergo 
a deflection and the strain thus introduced increases with increasing deflec¬ 
tion. The assumption of valency forces acting through an angle is ruled 
out and the magnitude of the angle of deflection is taken as a measure of the 
strain. In ethylene the two valencies are deflected by equal amounts, until 
they are parallel; the angle of deflection is in this case one-half of 109® 
28' = 64® 44'. Cyclopropane can be pictured as an equilateral triangle, 
in which the angle formed by the axes equals 60®; the deflection is therefore 
V2 (109® 28' — 60®) — 4- 24® 44'.” In the same way the following deflections 
are computed: 

cyclobutane V2 (109® 28'— 90®) = -f 9® 44' 

cyclopentane V2 (109® 28'-108®) = + 0® 44' 

cyclohexane V2 (109® 28'-120®) ^ - 6® 16' 

cycloheptane (109® 28'-128® 34')-= - 9® 33' 

cyclooctano Va (109® 28'-135®) -12® 61' 

cyclononane V2 G09® 28'—140®) = —16® 16' 

( 2 \° 

1—— I . The valency 

deflection, for instance, in muscone with 15 atoms in the ring (p. 80) would 

be taken as ^ • |l09« 28'-180- (l-fs)') = - 28® 16'. This is nearly the 

same figure, though of opposite sign, as is found for cyclopropane. These 
calculations are based on the assumption that in every case the carbon 
atoms lie all in one plane. 

On this view the valency deflection is greatest in dimethylene or ethylene, 
and thus the strain is greatest. This is the weakest ring, easily disrupted 
by chlorine, bromine, hydrogen bromide and iodine. Cyclopropane forms 
addition compounds with more difficulty. Cy do butane, cyclopentane, 
cyclohexane do not behave like unsaturated compounds. They are inert 
towards halogeTM and hydrogen halides or, under vigorous conditions, 
undergo halogen substitution {Qustavson, C. r. 131, 273; Kishner, C. 1912 
I 2026). Further, by catalytic hydrogenation or by reduction with HI 
and P the double bond is reduced more rapidly than is the rin^ in a 
cyclopropane or ^clobutane compound {Willstdtter, Ber. 40, 4456; Zelinsky^ 
ib. 4743). The 8cd>atier-8enderens method of hydrogenation, e.g., reduces 
double bonds very rapidly, while the 3-ring does not react below 110® 
and the 4-ring not below 180®. The same behaviour is shown in catalytic 
dehydrogenation; the cyclopropane and cyclobutane compounds are rapidly 
attacked while the 6-rings in n-hexyl-cyclopentane and in naphthenic acids 
are highly resistant. Oxidising agents, more especially KMn04, are of 
little effect on medium-sized rings, while the double bond is extraordinary 
sensitive. 
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The heat of combustion of simple cycloparaffins decreases in the 
sequence from cyclopropane to cyclohexane in accordance with Baeyer's 
strain theory (cf. p. 10). The theory predicted a greater ease of formation 
of the 5 -ring than of the 6 -ring, which gave occasion to many successful 
syntheses of cyclopentano derivatives (Willstdtter, Ber. 28, 656). The differ¬ 
ence in stability of the two rings is, however, not so great as might be 
expected from the difference in valency deflection. The discrepancy is still 
more marked in the 7 -, 8 - and 9 -membered rings, which, though increasingly 
difficult to prepare, are fairly resistant to rupture. For example, cyclo- 
heptadecanone is stable even at 400®. Cyclopentane and cyclohexane rings 
are not attacked by HI and P at even 250®, nor are Muzicka's large ruig 
compounds, e.g. cycloheptadecane. Ketones with 7, 9, 12 and 18 ring 
members remain unchanged when heated under pressure with cone. HCl 
{Ruzicka, Helv. 9, 499). 

Ozone, according to the observations of Harries, acts rapidly on cyclo- 
pentene, but less readily on cyclohexene and cyclohoptene (Ann. 374, 303; 
Ber. 41, 1701). Similarly, the decomposition of cyclic glycols by lead tetra¬ 
acetate {Criegee^s method) proceeds at a much higher rate with 5-ring 
derivatives, such as hydrindane-diol or acenaphthene-diol, than with cyclo- 
hexane-diol, tetralin-diol etc. {Ruzicka, Helv. 16, 216; Criegee, Ann. 607, 180). 
The rate of esterification of cyclic secondary alcohols also decreases on passing 
from the 6 -membered to the 6 -membered and further to the 7-membered 
ring (Menshutkin, J. 89, 1532). When H 2 SO 4 acts on cyclic pinacols, the 
yield of pinacolin decreases and that of "di-olefin increases with increasing 
number of ring members {Ruzicka, Helv. 14, 1319). The pinacol of the 
6 -ring is transformed practically completely into the corresponding spirane, 
while this ring transformation is only a side reaction with the 7-ring compound, 
and in 8 - and 16-rings does not take place. A similar phenomenon is observed 
the in the deamination of carbocyclic methylamines by nitrous acid; the 
lower members react with formation of carbinols and ring expansion, the 
higher ones chiefly with formation of olefins (id. ib. 9, 399). Further, both 
in the reactivity of cyclic bromides {Lovenich, Ber. 62, 3084) and the decom¬ 
position of ketone-bisulphite compounds {Petrenko, Ann. 341, 164) the rates 
of reaction are slower with the 6 -ring than with the 6 - and 7-rings. 

The cyclanones are much more reactive towards hydroxylamine, phenyl- 
hydrazine, bisulphite etc. than are their isomers among the aliphatic ketones 
with a central carbonyl group (id. Ber. 34, 1702; 39, 1462). The sequence 
of reaction velocity towards these reagents is 6 -ring > 6 -ring > 7 -ring 
{Ruzicka, Helv. 16, 8 ). The 5-ring ketones react at the same rate as the 
aliphatic methyl ketones, the 6 -ring show a maximum of reactivity, and 
there is a steep fall to the 8 -ring, where the rate equals that of aliphatic 
ketones with a central carbonyl; finally, there is a rise to the level of aliphatic 
methyl ketones, which is attained by eyclopentadecanone. There are no 
corresponding variations in the velocities of the reactions of aliphatic ketones 
with these reagents. 

The surprising stability of the higher cyoloparaffins has led to a 
modification of the strain theory. The assumption of an arrangement of 
carbon atoms in one plane has been abandoned and there is good evidence 
of a multiplanar distribution which permits of almost strainless models 
for the higher cycloparaffins. These considerations, which are due mainly 
to Sachse (Z. phys. Ch. 10, 203; 11, 186; Ber. 23, 1366) and to Mohr 
(Ber, 66 , 230; J. pr. Ch. 98, 316; 103, 316) apply especially to hydro¬ 
aromatic compounds, where they will be explained (p. 86 ). They find support 
in observations such as W. HuckeVs discovery of two stereo-isomeric deca- 
hydro-naphthalenes (p. 161). 

The ease ol formation is greatest for 6 -ring and 6 -ring compounds, which, 
in addition, are readily interconvertible by contraction and expansion of the 
rings (p. 86 ). The WuHz synthesis succeeds only in the case of the lower 
members, while the WislicentLS reaction yields excellent results with the 
intermediate members and is fairly successful even with the higher ones. 
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Ring formation from dicarhoxylic acids does not always conform to ex¬ 
pectations based on the classical strain theory. The lower members, 5-, 6- 
and 7-rings, are obtained with the best yield, 40—60%. Then the yield of 
ketone formed drops to a minimum, the yield of the CiQ-compound being 
as low as 0*2 %. The higher acids give again yields of a few percent. There 
are remarkable differences between Ca salts and Th salts (id. Helv. 9, 499): 


Acid 

(Cyclic ketone) 

Glutaric 

(4-ring) 

Adipic 

(6-ring) 

Pimelic 

(6-ring) 

Suberic 

(7-ring) 

Azelaic 

(8-ring) 

Ca salt .. .. 

0 

46 

40-60 

36 

6 

Th salt .. .. 

Q 

16 

70 

60 

20 


On the other hand ketone formation by Ziegler's method (p. 79) from 
dicarhoxylic dinitriles is satisfactory even with the larger rings. 

In this connection mention should be made of the formation and stability 
of unsaturated ring systems. Compounds with one double bond in the ring 
are known in all main ring systems from cyclopropane upwards to higher 
and to high-molecular compounds, such as cyclo-octatetrene and civetone. 
An acetylene linkage is impossible, however, on account of strain, in any 
ring with 6 atoms or less. The 7-ring is the first to yield an acetylene deri¬ 
vative, viz. cycloheptine. With still larger rings the triple bond has been 
successfully introduced by the usual reaction of alcoholic KOH on the 
dibromides. Cyclopentadecine and cycloheptadecine have been prepared 
by this method {Ruzicka et al., Helv. 16, 498). 

Ruzicka has attempted to show graphically how the actual ease of ring 
formation found experimentally corresponds with the tendency to ring 
closure deduced from the distance between the carbon atoms involved 
and the ring strain (id. Helv. 9, 499). 



— observed relative ease of 
formation 

-hypothetical ease of forma¬ 
tion on account of ring strain 

. . . probability of ring closure 
from the distances between 
the carbon atoms involved 


The influence of substitution on the stability of ring systems is indicated, 
e.g., by the fact that cyclohexyl iodide is reduced by HI and P to methyl- 
cyclopentane, though cyclohexane itself is completely unaffected. While cyclo¬ 
propane-1,2-dicarboxylic acid resists cone. HCl [Buchner, Ber. 23, 703; 
Ann. 284, 218), caronic acid is readily split to terebic acid [Baeyer, Ber. 
29, 2799). A third example is the fact that a methyl group or double bond 
in the a-position hinders ring closure in dicarhoxylic acids [Ruzicka, Helv. 
11, 686; 15, 1469). Ingold and Thorpe have discussed this matter in their 
modified strain theory in connection with spirocyclio systems (J. 123, 1172). 

Summing up, it can be stated that neither the ease of ring fission, nor 
the tendency to ring formation permit of any direct conclusions as to the 
influence of strain. Ring opening is affected by steric factors, substituents, 
etc., while the closure is influenced by the reactivity of the reactants, 
by the stability of the products under the conditions of formation, most 
of all by the probability of the chain ends meeting each other, and finally 
by the character of the reaction (cf. ring transitions, p. 11). 
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Apart from the investigation of equilibrium between isomers, a method 
of very restricted application, and from the measurement of heats of reaction, 
which offers difficulties, the only reliable way of estimating ring strain 
consists in measuring the energy content by the heat of combustion {Eisen-' 
lohr, Huohely Both^ Buzickat Stohmann, Verkade, and others). As an example, 
we will compare the heat of combustion of two pairs of isomeric esters: 

C3H, 

.C—CHj. COOCH3 n^C—CK . CHa • COOCHs 

I I I 

\CH. COOCH3 CH3OOC. HC—C(CHs)2 

1462 kcal. 1441 kcal. 

Dimethyl ester CftHi 404 with a 4-ring 1136«9 kcal 
Dimethyl ester C 9 H 14 O 4 with a 6 -ring 1117*7 kcal 

A more direct comparison of ring systems is provided by determining 
the heats of combustion of the cycloparaffins and dividing them by the 
number of methylene groups {Diela^ Ber. 68 , 1277; Buzicka, Helv. 16, 162): 


Ring system 

2 

3 

4 

6 

6 

7 

8 

16 

17 

Heat of combus¬ 
tion per CHj 

170 

168*6 

166*6 

169 

168 

168 

167*8 

167 

167*2 


These results are in good accord with chemical evidence derived from the 
reactions of the different ring systems. In cases other than those of simpler 
monocyclic compounds, however, the heat of combustion has so far failed 
to give a clear indication of the conditions of ring strain. 

The ratio of the first to the second dissociation constant of polymethylone- 
1 , 1 -dicarboxylio acids is a function of the spacing of the carboxyls and 
therefore yields some indication as to the directions of the valencies 
which are not engaged in ring closure {Vorldnder, Z. phys. Ch. 106, 220; 
Oane, Ingold, J. 1926, 10): 


Acid 

K, 

K, 

Malonic acid. 

6*6.10'» 

2*0.10-« 

Dimethyl-malonic acid. 1 

7.7.10”« 

3 * 0 . 10-7 

Cyclobutane-1,1-dicarboxylic acid. 

7 * 7 . 10 -* 

3*0.10-7 

Cyclopropane-l,l-dicarboxylic acid . 

2 . 10-2 

1,2.10-7 


While the constants of cyclobutane-dicarboxylic acid are practically the 
same as those of an alkylated malonic acid, the values found for the cor¬ 
responding cyclopropane derivative indicate a marked defiection of carboxyls 
from their normal positions. 

Further, the electric moments of cyclic 1,1-dicarboxylic esters {Farmer, 
J. 1988, 1304) indicate valency deflections of substituents in the different 
ring systems: 


Ring system 

3 

4 

6 ' 

6 

Electric moment in e.s.u. 

2.4.10-^« 

2*22.10-« 

2.14.10~*8 

2 . 23 . 10 -“ 


The rate of hydrolysis of cyclic malonic esters has been found by Oane 
and Ingold (J. 1926, 10) to decrease in the following order: 


|v ,COOR .V ^COOR —v^^COOR 
l'''^OOR V^^'CdOR —^\C00R 


this suggests a maximum distance* between the two carboxyl groups in 
the 3-ring.^ 


I 

I 
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The idea of cis- and trans isomerism of disubstituted compounds has a 
precise significance with the small uniplanar rings: the double bond, the 3-, 4- 
and 6-rings. When applied to higher ring systems, the difference becomes 
vague, because these rings of 7 or more carbon atoms are not uniplanar. 
Cf. Boeseken's experiments about the relative ease of formation of acetone- 
glycol compounds in various ring systems, and the related increase of 
conductivity of their compounds with boric acid (Ber. 46, 2612; 66, 3768; 
66 , 2411; see also Windaus^ ib. 56, 91), the ease of transformation of cis- 
and trans-forms of 1,2-dicarboxylic acids {Perkin, J. 66, 688; Alder, Ann. 
604, 223), and the failure of trans dicarboxylic acids of the 3-, 4- and 5-rings 
to form anhydrides {Diels, Ann. 478, 142). 

For the physical differences between cis and trans isomers, the rule of 
Auwers and Skita, and their methods of formation, see the introduction to 
the hydroaromatic compounds p. 82 and the description of decalin in 
the section on polynuclear alicyclic compounds p. 171. 


RING TRANSITIONS 1 


After the discussion of ring stability and ring formation in the light of 
the classical strain theory and of the theory modified to fit modem ex¬ 
perimental results, we turn to the related subject of ring transitions, where 
we find those theories confirmed in the main, though there is an apparent 
contradiction in some cases. Methods of enlarging and of reducing rings, 
preceded in every case by an intermediate stage of ring fission, will be con¬ 
sidered together. .The best known reactions of this kind are the following: 

Cyclohexane under the conditions of the Friedel-Crafts reaction under¬ 
goes isomerisation partly to 1,2-dimethyl-cyclobutane and partly to methyl- 
cyclopentane {Ipatiev, Ber. 44, 2982; Zelinsky, ib. 66, 1171; Nenitzescu, 
ib. 66, 1097; id,, Ann. 491, 189). 

JReduction by HI and P often results in ring contraction or enlargement. 
Thus isopropylidene-cyclobutane is hydrogenated to 1,1-dimethyl-cyclo- 
pentane {Schmidt, Ber. 46, 1779), while cyclohexyl-cyclohexanol is reduced 
to cyclohexyl-methyl-cyclopentano {Nenitzescu, Ber. 66, 807) 






Cyclohexyl and cycloheptyl iodides react similarly with ring contraction 
to form methyl-cyclopentane and methyl-cyclohexane respectively {Markov- 
nikov, J. pr. 49, 409; Ann. 802, 36; Wreden, Ann. 187, 163; Kishner, 
J. pr. 66, 364). 

A remarkable transformation is that of carbazole into 3,3'-dimethyl- 
dicyclopentyl {Schmidt, Ber. 45, 1779) 



One of the earliest observations in this field relates to the deaminatloii 
:fif cyclic methylamines, systematically investigated by Demjanov and by 
Walil^h, In addition to normal carbinols (I), cyclanols (II) are formed by 
fln'g enlargement, while the higher members yield mainly olefins {Ruzicka, 
teelv. 9, 399). The reaction can be represented diagrammatically as follows 
9{Demjanov, C. 1903 I 828; 19041 1214; Ber. 40,4393; WaUach, Ann. 858, 321), 
though there is no evidence for this particular mechanism. 


^ Nametkin, Die Umlagerung alicyolischer Kerne. Stuttgart 1926. 
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p-CH, 

—in. 


CHjNHa 


Rir. 


CHgNtNOH 


CH—N:N 

R-i. 


-CH* 


—CHa 


R-i 


SH-CHaOH 


Rii 


CH~ 

I 

CH 


I 

>CH, 


II 

R 


—CH> 

OH 

W.Hiickel (Theor. Grundlagen der Org. Chem. 2. Aufl. 1,264) assumes a 
primary formation of a diazonium salt under the influence of acid; the 
complex kation of the salt, by loss of Ng, gives ions which are transformed 
into the reaction products by a rearrangement similar to the Meerwein 
transformation (cf. Terpenes). 

An isolated example of ring contraction under these conditions is afforded 
by the transformation of truxillic and truxinic acids (p. 41) into phenyl- 
benzoxyl-cyclopropane-carboxylic acid (Sioermerf Ber. 60, 2666; Asbrand, 
ib. 64, 2786; Schenck, J. pr. 134, 230): 

HOOC|-CeHfi 

C.H,I-JnH, 


HOOC HOCHPh 


Truxillic acids 


HOOCi-rNH 


n 


HOOC 


i> 

CeH^ ] 


HOCHPh 


Truxinic acids - 

CeH^I-IC.H, 

Removal of water from eyelanoU (retro-pinacolin transformation) by 
treatment with oxalic acid or with ZnCl 2 may lead to ring transformation, 
as the following examples show: 

Hg Hg Ha Ha Ha Ha 

C—C—C\ C—C—C—CH 

! >CH.CHaOH-> | || 

C—C—C/ C—C—O-UH 

Ha Ha Ha Hg Ha H. 


/CHa 


I—^'^CHOH-CH. 


_CH, 


{Meerwein, Ann. 417, 264) 

OH _ 

I ^CHMe, 


- 


D-<G 

HO 

{W. Bucket, Ann. 474, 121; 477, 131) 
—CH,—((' 


{W, Uuckel, Ann. 477, 106) 

The characteristic changes which occur with dimethyl-cycloheptanol and 
with methyl-cyclohexyl-ethanol (Jlfeer«;ei?i, J. pr. 104, 280;; cf. p. 71) 
should also be noted: 




\ 




Ha Ha H 
/O—C—C-OH 
HaCK ! /Me 

Ha Ha ^Me 


:w: 


HaC^ 


Ha Ha 

C—O-G-Me 




\—^^Me 


CH(OH)Me 


-Me 
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Similarly, the elimination of hydrogen halide from cyclic compounds is 
sometimes accompanied by ring transformation, as in the formation of 
eucarvone from carvone hydrobromide {WaUach, Ann. 839, 94; Clarke, 
J. 97, 11; of. p. 249). 

Pinacolin formation from cyclic glycols and isomerisation of cyclic 
ethylene oxides may also be accompanied by changes in the ring: 


\_^\0H I—^^COM. 

Me OH 

(Nametkin, Ber. 67, 683) 



\_ 




O 


□ —[ 






( W. Hiickel, Ann. 474, 121) 
OH 

/OH I 

-CMc, ^ 


|_/OH HO\_| 


(Meiaer, Ber. 83, 2066) 


V 




yC—C—0M!e2 
H.c<; i 
\c—C__C:0 


{Tabouriech, C. r. 150, 76) Hg Hg 


Me- 


I—\ 


Me 




>Me2 


I I 0 

co-o 

{Wallach, Ann. 829, 83; Meerwein, ib. 376, 164) 


HO, 


Me 

Me 

1 

.C-OH 

^ . 1 COOH 

1 

CO 

^1 Mc-C-Me j 

' . i " ' ^ 


( Tiemann, 

Ber. 20, 3014) 

Hg Hg H 

C—C—Cv 

1 1 — 

at 200® on i-s. 

1 1 - 

c—a-c< 

Ha Ha ^Me 

diatomite 1-/ 'Xj 


COOH 


CHO 


(Tiffeneau, C. r. 196, 1284) 

N, H.^S 04 +pumice 


{Livy, C. r. 187, 46) 


CHO 


The action of AgNOs on cyclic iodohydrins takes a similar course 
{Nenitzescu, Ber. 66,807; Tiffeneau, C. r. 195,1284; Le Brazidec, C. r. 159, 774). 

The henzilic acid transformation of certain 1,2-diketones under the action 
of alkalies is a further interesting example. Thus purpurogallin changes 
to purpurogallone, triquinoyl to croconic acid, rhodizoic acid to croconic 
acid hydride: 


HO O OH 



OH COOH 

hoA/\, 
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O O 


HO O 


.0 


HOO 


HO O 

H0<^^^0 

00 


HO O 


OH 


Humulone and lupulone react in a similar way, see p. 400, 401. 
a-Halogenated cyclohexanones undergo, in an alkaline medium, an ana¬ 
logous ring contraction which results in the formation of cyclopentane- 
carboxylic acids or of decarboxylated products derived from them (cf. 
p. 69). 

Cl 

1 SCOOH 


O 


H 3 C<^^^ ^0->I)ibromide 


KOH 


UcOa 


O 




(WaUach, Ann. 414, 296) 

/Br Br ■—. 

-CMe«->=CMe 2 




COOH 


{WaUach, Ann. 827, 149; 329, 108; 414, 233) 

Among oxidations accompanied by changes of ring structure the following 
are of special interest: 

p. f ^\, air + ( 

|>-^HO; 




oxid. 


OH 


Me 


!HMe« 


H.O. 


/ 

OH 


•klj 


CHO 

CHMej+ COa 


{Treibs, Ber. 66, 1486) 


Cf. the formation of purpurogallin from pyrogallol by air in an alkaline 
medium. Oxidation of methylene-cyclobutane with HOCl and PbO leads 
to ring enlargement and formation of cyclopentanone (DemjanoVf Ber. 66, 
2730). 

Prolonged halogenation of cyclic compounds can also give rise to a transition 
into a more favoured ring system: 


Ha Ha H 
C--C—C 


dj-c— 

H, H, H, 




Br. 


Br Br 
Br Br 


OH 


no_ci 

^C> 

ClOH 
ClaCl 

'V 

Dla" 


O Clo 


OH 




.j3c 

CLO 


A few special reactions involving intramolecular ring closure remain to 
be mentioned: the internal condensation of isopropyl-cyclopropane-carboxylic 
acetic ester, the various transformations of anemonin (p. 479) and the 
distillation of calcium camphorate and pinocamphorate: 



{Toivonen, C. 1928 II 38) 
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Me 


COOH 


COOH 




=CMeo 



^COOH 


COOH 


(Semmler, Ber. 26, 3620; Ruzicka, Helv. 4, 666 ) 

A number of condensations of different kinds are known which result 
in extension or contraction of rings, such as reactions with diazo compounds 
or phenyl azide, 


C—C—C t O CHiN, C—C—Cv 

Ha Ha H* Ha Hg Hg 

{Edwards, Reid, Am. 62, 3236) 

Ha Ha H 
/C—C—O—N. 
HaC< i V 

^C—C—C—N/ 

Ho Ha H Ph 




N,CH-COOB. 

^ k_ 


\_COOR 


{Braren and Buchner, Ber. 38, 684) 


acid 


<3 >-cho 

{Alder, Stein, Ann. 501, 1) 


and also Orignard reactions, malonie ester condensations and Reformatzky 
syntheses, e.g.: 

Ha Ha HCl Hg Hg Hg 

C—C—Ck McMki C—C—C Me 

j \co-> , I i 

C~C—C/ C-<)—C—CH-OH 

Hg Hg Hj Hg Hg H 

{Oodchot, C. r. 186, 376, 956; Vavon, ib. 702) 


/\i 


COOR Na,C(COOK), I - |(COOR)g 


COOR 


□ 


{Bone, Perkin, J. 67, 108) 


l(COOR)g 



Br-CH,*COOR+Zn 




CHg.COOR 

OH 


!<□ 

{Clemo, Reid, Am. 52, 3235) 
and Friedel-Crafts reactions with acyl chlorides, e.g.: 

X\ CH 3 CH 3 

+ CH 3 COCI I ^ COCH, + I ^OCH, 


{Unger, Ber. 65, 467; Hoj>f, ib. 482) 


A few general reactions will be mentioned, though they are not immediately 
connected with the ring strain problem. Various cycloparaffins undergo 
isomerisation on heating and give the corresponding unsaturated aliphatic 
compounds, as cyclopropane -> propylene {Tanatar, Ber. 29,1297), cyclobut¬ 
ane erythrene etc. In other cases polymerisation to high boiling or solid 
condensation products takes place, as e.g. of 1 , 1 , 2 -trimethyl-cyclopropano, 
1,2-dimcthylene-cyclobutane, cyclo-octatetrene. Other ring systems suffer 
depolymerisation into olefinic fragments when exposed to heat or to short 
wave radiation. Thus truxillic and truxinic acids are reconverted into 
cinnamic acid. Substituted cyclobutane-l,3-diones are decomposed into 
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the corresponding ketens; caoutchouc, dipentene, etc. give isoprene, etc. 
The thermal decomposition of benzene to three molecules of acetylene is 
analogous. 

Cycloparaffins are converted by oxidation with Se02, by H 2 O 2 V by CrOs 
or by catalytic autoxidation mainly into a, -unsaturated ketones (pinene 
-> verbenone, nopinene pinocarvone {Dupontf Bull. 68 (1933), 699; 
TreibSf Ber. 61,469). Oxidative decomi) 08 ition of cyclic ring ketones results in 
a lactone or a dicarboxylic acid according to the reagent {Ruzickay Helv. 11, 
1169; Stoll ib. 18, 142): 

Caro’s acid 


lactone 


Cycloketone _H,o, + alka li 


dicarboxylic acid 


Autoxidation of cyclic a, ^-unsaturated ketones (methyl-cyclohexenono, 
carvone, pulcgone, eucarvone etc.) in alkaline alcoholic solution has been found 
to proceed as follows: the first step is the addition of molecular oxygen, then 
hydrogen peroxide is set free which oxidises the unchanged ketone to a 
keto-oxido compound. The latter, in the presence of alcohol, is converted 
into 1,3-keto-enol or its ether. The intermediate oxide can bo isolated if 
H 2 O 2 itself is used, and on treatment with hot alcoholic KOH yields the 
same keto-ether {TreibSy Ber. 66 , 1483 etc.). 

The following methods have been worked out for ascertaining the cow- 
stitution of cyclic carboxylic acidsy and especially the place of attachment 
of the carboxyl groups to the ring: 

1. V. Braun's imido-chloride method (v. Brauny Ann. 458, 113) is based on 
the different behaviour of acyl amides towards PCI 5 : 

R.CH 2 CONHEt-^ R.CCl 2 CONHEt 

R 2 : CH. CONHEt-> Rg : CCl • CONHEt 

Rg i C. CONHEt unchanged 

2. Superheating of the carboxylic phenyl esters of the alicyclic series 
{Skraupy Ber. 62, 1127) results in o-hydroxy-phenyl ketones, if the carboxyl 
is attached to the ring, 

HO^ 

B> OH-COQ/^ ^-> R> CH.CO<(^_^ 

while cyclane-acetic acids, e.g. tnmethyl-cyclopentane-acetic acid, split off 
CO 2 and give the corresponding hydrocarbon, e.g. trimethyl-benzyl- 
cyclopentane: 

R> CH.CHj COOPh- ^-R> CH-CHg-Ph + COg 

1 -Alkyl-cycloparaffin- 1 -carboxylic acids yield l-alkyl-^^-cyclo-olefins to¬ 
gether with phenyl formate: 

yMe 

R\-R^-^C.Me + HCOOPh 

^CHj/ ^COOPh 

3. Cyclic a-bromo-aliphatic esters are converted into a, jS-cyclo-olefinic 
acids which through the intermediate stage of ft y-unsaturated acids isomerise 
to y-lactones: 

R- CH 2 - CH 2 - CHBr- COOR' R- CHg* CH = CH- COOR' 

~ R - CH = CH - CH 2 COOH -^ R - CH - CH 2 • CH 2 - CO 

I-0- 

4. The acid is converted into an olefin either (method I) by way of the 
methylamine, or (method 1l1) by way of the amine {Hofmann degradation). 
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and exhaustive methylation. The olefins are oxidised to carboxylic acids. 
The acid resulting from method I has one carbon less than the original 
acid, while method II results in an acid containing two carbon atoms less 
{WilUtaUer, Ann. 472, 121; v. Brauriy ib. 490, 109): 

^ ^ Naf alcohol bromide 

1. R CHa-COOH-> R.CHa.CHjOH —R CHa-CHgNH, 

methylation O. 

-R.CH^CHj —U R.COOH, 


R'.CHa.CHjs.CONHa 


Hofmann methylation O, 

-> R'-CHo CHo-NH--^ R' CH = CHo - U R'-COOH. 

degradation distillation 

Acids which have the carboxyl attached to the ring are converted by method I 
into cyclic ketones. Homologous acids do not give cyclic ketones until 
the operation I or II has been repeated the necessary number of times. 
Cf. the application to naphthenic acids p. 65. 

6. Wieland^s degradation method has been successfully applied to the 
bile acids (p. 552, Wtelandf Z. physiol. Ch. 161, 80; cf. Tschesche, Ann. 498, 
386; Chuang, ib. 600, 270). The carbinol obtained by means of MeMgl or 
PhMgBr is converted into a carboxylic acid according to the scheme: 


Grigiiard 

R/. CHa • COOR -> R' • CHg • C(R)2 




R'COOH. 


While reactions 1 and 2 give information only about the carbon in the 
a-position and indicate a primary, secondary or tertiary linkage of the 
carboxyl group, degradation according to 3, 4 or 6 makes it possible to 
determine the complete structure of the side chain to which the carboxyl 
is attached. 

Carboxylic acids of the lower ring systems, containing altogether 16 to 
19 carbon atoms, are pharmacologically important, e.g. cyclopropane and 
cyclobutane fatty acids of types (1) and (II), the pentacarbocyclic hydno- 
carpic acid (III) and chaulmoogric acid (IV) and the synthetical acids (V) 
and (VI), and cyclohexane carboxylic acids with long side chains (VII). 
For their action on Mycobact. leprae, the bacterium causing leprosy, 
cf. Adams, Am. 49, 2934; 50, 1476; 54, 1548 etc.; Walker, Bull. chim. 
pharm. 66 (1927), 610. 

R R 

I^So—CH,—i^H—COOH 7 il V-CH,—(in—COOH 




III y-(CHj),„ • COOH IV >— (CHj)„ ■ COOH v V-CH—COOH 


VI V- CHj—CH, 


R R 

JjH—COOH <(W^>-CH,—in • COOH . 


The odour of the ketones varies with the number of ring-members. Methyl- 
amylenyl-cyclopentenone smells of jasmine, intermediate members up to 
Cja have a smell reminiscent of camphor, cyclotridecanone that of cedar 
wood. The higher ketones 0^4 to Ci^ are characterised by a smell like that 
of musk. It is worth noticing that the related alcohols do not possess this 
odour {Buzicka, Helv. 18, 1162). 

Richter-AnschUtz ii. 2 
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METHODS OF RING FORMATION IN CYCLOPARAFFIN DERIVATIVES 

The methods which can be used for converting open carbon chains 
into closed rings do not differ in principle from those used for 
linking two carbon chains together, the only distinction being that 
the two atoms which are to be linked are already united through 
other carbon atoms. Hence many of the condensation reactions 
of aliphatic chemistry can be used under the appropriate conditions 
for the synthesis of the cycloparaffins and their derivatives. The 
more important reactions of this kind can be summarised as follows. 

(la) The cycloparaffins themselves are formed by the action of 
sodium ( Wurtz^ reaction, see 1,96 under paraffins), or of zinc ( Ullmann, 
Ber. 20, R. 706; Lespieau, Bull. 47 (1930), 847) on dibromo-paraffins 
(the hydrobromic esters of glycols): 


CH,< 

i 

/CHjBr 

CHa—CHBrCHa 

1 

.CH,—CHBrCHa 
CH/ 

CHa—CHa—CHaBr 

''CHjBr 

CHa—CHaBr 

'Ir 

1 \CH,—CH,Br 

^ ,CH,—CHCH3 

ch/ 1 

\CH,—CH, 

(IHa—CHa— CHaBr 

4 

CH,< 

/CH, 

CHa—CHCH3 

1 i 

CHa—CHa—CHa 

''CHj 

CHa—CHa 

CHa—CHa—CHa 


(lb) Cyclopropane, cyclobutanc and cyclopcntane derivatives can be 
obtained by treating y-, 6- and e-bromo derivatives of ketones, aliphatic 
esters or nitriles with alcoholic potash, quicklime etc. {BlanCy 0. r. 145, 
78; Kishner, C, 1909 II 1130). 

(2) Intramolecular pinacol formation. In the reduction of ketones second¬ 
ary alcohols are formed together with di-tertiary glycols termed “pinacols”* 
The reduction of diacctyl-pcntane gives an ahphatic di-secondary glycol, and 
also a di-tertiary glycol or cyclic pinacol: {Kuhn, C. 18981888; J. Wislicenud^ 
Ann. 302, 91): 

^CH,—CHa—CH(OH)CH, 
/CH,—CHj—CO-CH, OH,—CH(OH)CHj 

CHj—CO-CHs /CHj—CH,—C(OH)CH, 

CH,—C(0H)CH5 

(3a) Ring syntheses hy mmns of metallo-organic compounds. If the di¬ 
magnesium compound of 1,6-dibromo-pentane is treated with ethyl acetate, 
methyl-cyclohexariol is formed. Carbon dioxide reacts to give cyclo¬ 
hexanone : 


yCHa—CHav co, yCHg • CHj • MgBr ch,cooc,H 5 ^CHa—CHav .OH 

CHa< >CO<--CHa<; -->CHa< >C^ 

\CH.—CH./ ^CHj-CHj-MgBr \nH nw / Vw 


CH,—OH / \CH, 


The synthesis of a tertiary alcohol from magnesium-alkyl iodide and a ketone 
(I, 133) takes place intramolecularly when magnesium reacts with d-aceto- 
butyl iodide: 


CHa • CHal Mg CH, • CHav^^y OMgl 

djHj-CHj-COCH, 


3 b. Paraffins are partially converted by dehydrogenation at the 
boiling point in presence of AICI 3 into monocyclic and dicyclic paraffins. 
In this reaction isomerisation, condensation to higher aliphatic 
compounds and chain fission go on side by side {Nenitzescu. Ber. 
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4a. Intramolecular ester condensation. When sodium reacts with 
adipic ester, a condensation similar to the formation of aceto-acetic 
ester takes place within the molecule and a cyclic /5-keto ester is 
formed (Dieckmann): 

CHa-^CHa—COOEt CHa—CH^-COOEt 

I -^ I >CO 

CHa—CHa—COOEt -^•^.oh gHj-CH a^ 

Dialkyl-acetone-dicarboxylic esters undergo an analogous ring closure 
to give cyclobutane derivatives (Schroeter). In a similar way pimelic 
esters give )S-keto esters with a six-membered ring. 

4b. Oxalacetic ester condensation. Oxalic ester and glutaric ester with 
sodium ethoxide as condensing agent combine to give cyclopentanedione- 
dicar boxy lie ester: 

/CHaCOaEt COOEt /CH(COaEt)—CO 

CHa< + I —> CHa< | 

^CHaCOaEt COOEt \CH(C02Et)—CO 

^-Substituted glutaric esters, acetone-dicar boxy lie esters, methylethyl 
ketone, dibenzyl ketone etc. undergo analogous condensations with oxalic 
ester in the presence of NaOEt. 

4c. Intramolecular formation of fi-diketones. y-Acetyl-butyric ester is 

converted into 1,3-cyclohexanedione by the action of sodium ethoxide: 

CHa—CO—CHa CHa—CO—CHa 

i -^ I I 

CHa—CHa—COOEt CHa—CHa—CO 


With E- and C-keto-esters the reaction results in the formation of extracyclic 
/3-diketones of the cyclopentane and cyclohexane series. 


4d. Intramolecular condensation of e- and rj-keto-esters, analogous to 
the Perkin reaction, takes place on thermal decomposition, resulting in 
6- and 6-ring derivatives (e.g. 12-ketocholanic acid, Lettrd, Z. physiol. 
Ch. 218, 67). 

5. Cyclic syntheses with malonic, aceto-acetic and analogous esters. 
This method is due to W. H. Perkin jun. (see J. 1929. 1347). Sodio- 
malonic ester combines with alkylene dibromides to cycloparaffin- 
carboxylic esters, by a three-stage reaction; 


CHgBr 

! -f NaHC(COaEt)a 
CHaBr 


CHaCH(COaEt)a + NaBr 
CHgBr 


CHa-CHfCOaEtla 
j + NaHC(COaEt)a 
CHaBr 

CHa - CNa(COaEt)a 


CHgCNafCOgEt), 


CHaBr -f CHafCOgEt), 
CH 

I ’‘'>C(CO,Et), + NaBr 
CH/ 


CHf/ 


CHaBr 2 NaHC(CO,Kt), 


'^CHjBr 
CH. 

CH,—CHjBr 


CH./ 


^CH,. 

CH, 


’C(COaEt)a 


,-CH,Br jN.HC(C0.Kt^ CH._CH, 
- CHa—CHg/ 


Instead of alkylene bromides the bromine addition products of olefin- 
monocarboxylic and olefin-dicarboxylic esters, and also of unsaturated 
ketones, may be used, and the reaction has thus served for preparing 

2* 
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numerous cyclopropane derivatives. Cyano-acetic ester behaves similarly 
to lualonic ester {Carpenter^ Perkin, J. 75, 921; Kohler, Am. 39, 1404, 2405). 

By the action of sodio-aceto-acctic ester on 1 , 4 -dibromo-pentane, 1 -methyl- 
2-acetyl-cyclopentane-2-carboxylic ester is formed {Colman, Perkin, Ber. 21, 
742): 

CHg. CHBr. CHg CHNa • COaEt CH 2 --CH.CH 3 COjEt CHg • COgEt 

I ^ I 

CHa.CHjBr CO-CHg CHa—CHg COCH3 CO CHa + SNaBr 

In a similar way a-acetyl-cyclohexane-carboxylic ester is obtained from 
1,6-dibromo-pcntane (v. Braun, Ber. 40, 3943). The synthesis of subcrone- 
dicarboxylic ester from 1 , 4 -dibromo-butane and acetone-dicarboxylic ester 
(id. Ber. 46, 1792) belongs to this same class of ring syntheses from 
halogen derivatives and compounds containing reactive methylene groups. 

6. Sodium is removed from the di-sodium compounds of alkyiene- 
dimalonic esters by iodine or bromine and ring closure follows, result¬ 
ing in the formation of cycloparaffin-tetracarboxylic acids. By 
elimination of 2 CO 2 , cycloparaffin-dicarboxylic acids arc then obtained 
(W. H. Perkin jun.). The reaction is analogous to the formation of 
diacetyl-succinic ester from iodine and sodio-aceto-acetic ester or of 
ethane-tetracarboxylic ester from iodine and sodio-malonic ester; 


.CNa(C02Et)2 

\CNa(C02Et)2 
CHa—CNa(C02Et)2 

I 

CHa—CNa(C02Et)a 
/CH2*CNa(C02Et)a 
CH ^ 

*\cH,-CNa(COsEt), 


CH, 


/C(C02Et)2 




CH, 


/CHCO.,H 

I 




CHCOaH 


0(COaEt)a 

CHa—CCCOaEtla 

II -> I I 

CHa—0(C02Et)2 CHa—CHCOaH 

/CHa—C{C02Et)a /CHa—CHCOaH 

CHa<; I -> CHa< | 

^CHa—C(C02Et)2 ^CHa—CHCOaH 


The di-sodium compound of a, a'-diacetyl-adipic ester behaves simil¬ 
arly towards iodine. 

7 a. Cyclic ketone formation. Just as calcium salts of paraffin mono- 
carboxylic acids furnish open-chain ketones by distillation, so some 
calcium salts of higher normal paraffin dicarboxylic acids give cyclic 
ketones on dry distillation (J. Wislicenus): 


1 

1 


CHa—CHa—COav 

I /Ca 

CHa-CHa—COa^ I 

CHa—CHav I 


/CHa—CHa—COav 

CHa< >Ca 

^CHa—CHa—COa^ 
/CHa—CHa. 

CHa< >CO 

^CHa—CHa'^ 


-CHa—CO, 


CHa 




CHa—CHa—CHa—CO, 


^CHa—CHa—CHa—COa"^ 
/CHa—CHa—CHav 
CHa< >CO 

^CHa—CHa—CHa^ 


‘>Ca 


I CHa—CHa—CHa—COa/' 

I CHa—l^Ha—CHa. 

I >CO 

CHa—CHa—CHa^ 


%Ca 


CHa—CH^—CHa—CHa—COa. 

I >Ca 

CHa—CHa—CHa—CHa—COa^ 
CHa—CHa—CHa—CHa. 

I >CO 

CHa—CHa—CHa—CHa^ 


When the reaction is used for the larger rings, salts of Th, Tl, Ce, Y and 
other metals of the third and fourth group of the periodic system may 
be substituted for the Ca salt with advantage. By dry distillation under 
reduced pressure of the salts of polymethylene-dicarboxylic acids Ruzicka 
has succeeded in preparing large ring ketones containing 10 to 18, 
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and even 30 and 32 carbon atoms. (Cf. introduction and polycarbocyclio 
compounds.) 

Methyl groups and double bonds in the a-position to the carboxyl group 
prevent ring closure {Ruzicka, Helv. 11, 686; 15, 1469). 

7 b. Adipic and pimelic anhydrides and their alkyl substitution products 
dissociate, on distillation at ordinary pressure, into COg and cyclic ketones 
{BlanCf cf. I, 661). For the application of this reaction to the determination 
of ring size in cyclic comi)ounds see Blanc, C. r. 144, 1366; Windaus, Z. 
physiol. Ch. 180, 116; Stange, ib. 218, 74 etc. 

8. Dinitriles, when condensed with the aid of phenyl-ethyl-lithium- 
amide, give cyano-cycloketones, which are hydrolysed to the corre¬ 
sponding cyclanones (Ziegler, Ann. 504, 94): 

/CN eond. .C:NH XO hydrol. /CO 

R< -> R< ! -^ R< I - —^R< I 

^CHa-CN \CHCN ^CHCN ^CHa 

This method is particularly valuable for the synthesis of large ring ketones, 
which cannot be prepared, or only with very low yields, by heating the salts 
of dicarboxylic acids. 

9a. Aliphatic diazo compounds, such as diazomethane (I, 251) and 
diazo-acetic ester, combine additively with olefin-monocarboxylic 
and olefin-dicarboxylic esters to give cyclic azo compounds or 
pyrazoline derivatives, which readily split off nitrogen and yield 
cyclopropane-carboxylic acids (Buchner): 

No CHCOoR N = N—CH.COoR_n /CH-COjR 

j| +11 i t -4 ro,c.ch<(| 

ROgC.CH CHg ROaCCH-CHg 

No CH-COaR N--N—CH• COgR .CH-COaR 

!| +11 ' I -i CHa<| 

CHa CH-COaR CHa-CH-COaR ^CH-COaR 

Cf. the condensation of benzene with diazo-acetic ester to pseudophenyl- 
acctic or norcaradiene-carboxylic ester. 

9 b. Unaaturated aldehydes and ketones, like isobutylidenc aldehyde, 
phorone, (di-)benzylidcne-acetone and others combine with hydrazine to 
pyrazolines, which are readily converted, by elimination of nitrogen, into 
cyclopropane derivatives (Kishner, C. 1913II 2133; 1916II 318; 1923 III 669): 

MeaC = CH • CO • CH = CMe^ McgC = CH • C • CHg • CMeg 

N-NH 

McaC = CH • CH. CHa • CMca 

I_! 

10 a. Dimerisation of allene, keten, styrene and their derivatives leads 
to the cyclobutane series, e.g.: 

H2C = C = C(Me)2 HgC—C = C(Me)2 HgC^C^O H 2 C—C = 0 

H2C=-C = C(Me)a "^HgC—C = C(Me)2’ 0 = C = CHa Uh, 

Ph. CH = CH2 Ph. CH—CHa 

H2C = CH-Ph H,(!: in-Ph 

10b. The Diels-Alder diene synthesis, a reaction of wide applica¬ 
tion, is important for synthesising natural hydroarom aticcompounds 
derived from cyclohexane, and also the derivatives of endo-alkylene 
cyclohexanes. The principle of the reaction is the condensation of 
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a compound containing conjugated double bonds with a second 
unsaturated reactant: 


CHo 


.CHa H/CHO . 
HC^ C/ / 


Tetrahydro- 
benzaldehy de; 


' HO^? 


: 1 0 + 

1 


h\co/ 

j 

CH 3 



\ 


CH 3 


/CO\_ 


CH3 

Isocantharidin 


1 CH 


2 


+ 


H /CHO 
H^CHa 


cond 

-^ 

enolacetate 
+ 0 , 



Me-norcamphor 



Santene 


^CH 
HC^j 
CH, 




in, 


+ 


HC^! \/ 
^HC 


CH3 

1 


CHa 

1 



Dicyclohexadiene 


Cf. hydroaromatic compounds p. 86, condensed rings p. 161, bridged 
rings p. 181. See Alder, Ann. 514, 1, 197; Wassermann, J. 1985,1611 for the 
stereochemistry of diene syntheses. 


la. MONONUCLEAR TRI-, TETRA-, PENTA-, HEPTA-, 
OCTA- AND POLYCARBOCYCLIC COMPOUNDS 

1. CYCLOPROPANE GROUP 

Cyclopropane derivatives are of infrequent occurrence in nature. 
The pyrethrins are esters of pyrethrolone and chrysanthemic acids, 
which belong to the cyclopropane series. Tn some bicyclic natural 
products, e.g. sabinol, carene, thujone (p. 239), a 3-ring forms part of 
the molecule, and cyclopropane-carboxylic acids, such as a-tanacetonic 
and caronic acid, are among their oxidation products. 

In general, synthetical methods must be used for obtaining cyclo¬ 
propane derivatives. In addition to the general methods of ring 
closure, such as the action of Na or Zn on 1,3-dibromides (Wurtz), 
of ethylene dibromide on sodio-malonic ester (Perkin), of Ig on 
disodio-alkylene-dimalonic esters, and of alkali on y-halogenated 
fatty acids, there are two special modes of formation available: 

the condensation of olefins with aliphatic diazo compounds, and 

the reaction of a, /3-unsaturated aldehydes or ketones with 
hydrazine. 

The physical properties, the ease of formation and stability, the 
fission and enlargement, of the 3-ring, have been discussed in the 
introductory remarks on cycloparaffins, above. The stereochemistry 
of the cyclopropane serieb has been elucidated by researches into the 
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isomerism of the 
carboxylic acids, 


carboxylic acids, viz. phenyl-benzoyl-cyclopropane- 
methyl-cyclopropane-dicarboxylic acids etc. 


HYDROCARBONS 

CH,. 

Cyclopropane^ trimethylene j /CH«, b.p. —33®, is a readily condensable 
CH/ 

gas, and a narcotic. It has been prepared from trimethylene bromide and 
sodium (Freund 1882), or with alcohol and zinc dust or zinc wool with 
exclusion of moisture ( UUmann, Ber. 20, R. 706; Oustavson, J. pr. 76, 512; 
Oodchot, C. r. 202, 3629; Ashdown^ Am. 58, 850). It combines with Brj, 
especially when HBr is present, though less readily than propylene, 
forming mainly trimethylene bromide CHgBr'CHg'CHgBr (Oustavscm, C. r. 
131, 273); with HI, it forms w-propyl iodide. At a dull red heat it is con¬ 
verted into propylene (Tanatar, Ber. 32, 1966); the kinetics of this trans¬ 
formation have been studied by Trautz (J. pr. 104, 53). A method of estimating 
propylene and cyclopropane side by side with the aid of BrI-solution has 
been worked out by Roginsky (Am. 66 , 1800). Hj, in the presence of finely 
divided Ni, reduces it to propane even at 80® (WilUtdtter, Ber. 40, 4466). 
KMn 04 - 8 olution, at ordinary temperature, does not attack it (Tomo, Ber. 
21, 1282). Berthelot has measured the heat of formation and compared it 
with that of propylene (C. r. 120 , 483). 

Methyl-cyclopropane, b.p. 4® (Demjanov, Ber. 28, 22; C. 1902 I 1277). 

1,2-Dimethyl-cyclopropane two stereoisomers, cis, b.p. 28-8-29®, 

djo 0*6769, and trans, b.p. 37*2-37-4®, dgo 0*6928, from 2,4-dibromopentane 
(Baudrenghien, Ac. Belg. 15 (1929), 63), reacts with HNOjto give Me 2 -i 8 opropyl- 
alcohol (Kiahner, C. 1914 I 1496). Ethyl-cyclopropane CgHio^ b.p. 36*6-37®, 
from acetyl-cyclopropane with N 2 H 4 (PhilipoVy J. pr. 03, 162). 1,1,2-Tri- 
methyl-cyclopropane b.p. 67-6^, has been obtained from diacetone- 

amine through the glycol and the dibromide by Wurtz' method (Zelinsky^ 
Ber. 34, 2866): 


^C*NHa -> yQOn -> ^C-OH 
H2C--CO—CHg Had—CO—CII3 HgC—CH(OH)—CH3 


.CH3 

/C\ 

H,C-CHCH, 


It is also obtained by heating Mcj-pyrazoline (vol. IV) with KOH. It 
polymerises to a mixture of high-boiling compounds and gives a dibromide 
b.p. 87-89®/23 mm. (Kiahner, C. 1912 I 2025). 1,2,3-Trimethyl-cyclopropane 
b.p. 66-67® is prepared in the same way as the 1 , 1 , 2 -compound, through the 
glycol and the dibromide, from Me-acetyl-acetone CHg'CO'CHMe'CO-CHg 
(Zelinaky, Ber. 34, 2866). 

l-MethyI-2-ethyl-cycIopropane CgHig b.p. 64-66®, from hexane-diol-2,4, 
obtained from aldol + EtMgBr; the dibromide of the diol is treated with 
zinc dust. It decolorises KMn 04 -solution (LespieaUf C. r. 192, 1396). 

l-Methyl-2-propyl-cyclopropane C 7 H 14 b.p. 92-93® (id. ib. p. 1672). 

Vinyl-cyclopropane. The substance formerly described under this name 
has been found to be a mixture of methyl-cyclobutene and methylene- 
cyclobutane (Favoraky, Ber. 47, 1648). The true vinyl-cyclopropane OjK-, 
b.p. 40®, smells of garlic. It is prepared from acetyl-cyclopropane (p. 25) 
through the oxime, which is reduced and exhaustively methylated to Moj- 
(a-cyclopropylethyl)-NI; the latter is distilled with Ag^O. Gentle oxidation 
with KMn 04 gives cyclopropyl-glycol (see below) (DemjanoVf Ber. 56, 2718); 
hydration produces cyclopropyl-Me-carbinol (p. 24), and catalytic reduction 
gives Et-cyclopropane (above) (id. C. 1913 I 2027). 

1-Methyl-l-cyclopropyl-ethyIene CeHjo b.p. 71-71-5® from dimethyl-cyclo- 
propyloarbinol (of. below) with acetic anhydride (Kiahner, C. 1911 H 363). 
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l,l-Diinethyl-2-isobutenyl-cyclopropane b.p. 132®, from the pyrazo- 

line obtained from phorone (I, 273) and N2H4, with KOH (id. C. 1913 II 2131). 

l-Methyl-isohexonyl-cyclopropancC,oHi8, b.p. 160®/736 mm., similarly from 
citral 4" N2H4 citral-pyrazolinc, which is treated with KOH and platinum 
black. It gives 1-methyl-l-y-keto-isohexyl-methane by oxidation with KMn04 
and trimethyl-isohexyl-methane by catalytic reduction (id. C. 1923 III 669). 

Phenyl-cyclopropane CgH^o m.p. —36®, b.p. 170»6® is obtained from 
cinnamic aldehyde + N2H4, through Ph-pyrazoline, which is treated with 
KOH {Kishner, C. 1913 II 2130), or from cinnamyl bromide + HBr and 
debromination {Lespieau^ C. r. 190, 1129; Bull. 47 (1930), 847). It 
polymerises with acids. By a similar reaction 1 ,2-diphenyl-cyclopropane 
C15H14 has been prepared from benzylideno-acetophenone and hydrazine 
through 3,5-Ph2-pyrazoline. 

1,1,2,2-Tetraphenylcyclopropane, m.p. 166*6®, is obtained from 1,1,3,3- 
tetraphenyl-l,3-dimethoxyproi)ane by the successive action of KNa and 
tetraraethyl-ethylene dibromido {Wtttig, Ber. 67, 2063). 

Monochloro-cyclopropane C3H5CI, b.p. 43®, and dichloro-cyclopropane 
C3H4CI2, b.p. 74®, {Bruhl, Ber. 26, 1964) are formed by the action of chlorine 
on cyclopropane in daylight {Oustavson^ J. pr. 42, 496; 43, 396). 1,2-Dibromo- 
cyclopropane C3H4Br2, an oil of sweetish odour, m.p. 0®, b.p. 46®/27 mm., is 
obtained from cyclopropene (cl. below) and Brg and is reconverted into cyclo- 
propene by the action of Zn in EtOH {Demjanov, Ber. 56, 2200). 1,2-Diiodo- 
cyclopropane C3H4I2 is prepared similarly; it melts below —6® and is 
unstable (id. C. 1931 I 930). 

Amino-cyclopropane CgHgNHj b.p. 49®, from cyclopropane-carboxylic 
amide with KOBr {Kishner^ C. 1901 II 679), is miscible with water in all 
proportions, and smells like propylamine. It is converted into allyl alcohol 
by nitrous acid, the ring being opened (id. C. 1906 I 1704). 

Bimethylamino-cyclopropane C3H5N(CH3)2 b.p. 60®, picrate m.p. 191-192®, 
is obtained together with cyclopropene (cf. below) by heating tri methyl- 


cyclopropyl-ammonium hydroxide to 300® {Demjanov, Bor. 56, 2200). 

Cyclopropene a gas of characteristic odour, burning with a 


luminous sooty flame, is formed together with allylene (which can be re¬ 
moved by CugClg) when trimethyl-cyclopropyl-ammonium hydroxide is 
heated to 300® {Demjanov^ Ber. 56, 2200). 

1-Methyl-zl^-cyclopropene, a gas, is obtained from 1,3-dibromo-isobutylene 
CH2Br-C(CH3): CHBr, by zinc dust and alcohol, together with a little iso¬ 
butylene {Merishovskt, C. 1914 I 2161). 


Nitro-cyclopropanes arc described by Kohler, Am. 41, 1379; 60, 884; 52, 
424, 1174; Darling, Am. 53, 1117. 


ALCOHOLS 

Cyclopropyl carbinol, C3H5CH2OH, b.p. 123®, is prepared by reducing 
cyclopropyl-carboxylic ester with Na and EtOH {Demjanov, Ber. 40, 4397) or 
from brorao-cyclopropane, trihydroxy-methylene and Mg {v. Braun, Ber. 69, 
1081). It yields 1,3-dibromo-butane with cone. HBr {Demjanov, C. 1908 
I 818). Homologous alkyl-cyclopropyl carbinols cf. Bruylants, Belg. 36, 163. 

Cyclopropyl-methyl carbinol C3H5CH(OH)CH3 is a colourless viscous oil, 
b.p. 119-120®, made from acetyl-cyclopropane (cf. below) by reduction with 
Na and EtOH {Michiels, Ac. Belg. 1912, 16). It forms halides with HCl and 
HBr, b.p. 106-106® and 118-120® resp. Cyclopropyl-ethyl carbinol, b.p. 140®, 
(^clopropyl-isopropyl carbinol, b.p. 161®, and other homologous compounds 
(id. Belg. 24, 396) are obtained by reduction of the corresponding ketones 
or by the Qrignard reaction {Henry, ib. 40, 647). 

Cyclopropyl-mcthyl bromide CjHjCHgBr b.p. 58-60®/16 mm. from the 
carbinol (v. Braun, Ber. 69, 1081). Cyclopropyl-methyl amino C3H5CH2NH2 
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b.p. 86 ®, prepared from cyclopropyl-carboxylic nitrile by reduction, gives 
with nitrous acid, by ring enlargement, cyciobutanol, together with cyclo- 
propyl carbinol {Demjanov^ Bor.' 40, 4393). /?-Cyclopropyl-ethyl amine 
C 3 H 5 CH 2 CH 2 NH 2 , benzoate m.p. 46-4'^, is obtained by reduction of cyclo- 
propyl-acetonitrile {v. Braun, Ber. 59, 1081). 

Oyclopropyl-dimethyl carbinol, C 3 H 6 C(CH 3 ) 20 H, b.p. 127®, is obtained from 
a cetyl-cyclopropane or cyclopropane-carboxylic ester with MeMgl. Chloride 
b.p. 13^, bromide b.p. 162®. With oxalic acid the ring opens and dimethyl- 
CHa—C(0H3)2 v 

tctramethylene oxide | pO is formed (Zelinsky, Bcr. 34, 3887). 

CH2-CHa^ 

Cyclopropyl-diethy] carbinol, C 3 H 5 C(C 2 H 5 ) 20 H, b.p. 168®; Cyclopropyl-methyl- 
ethyl carbinol, C 3 H 6 C(CH 3 )(C 2 H 5 )OH, b.p. 141® (Bruylants, Ac. Belg. 1908, 
1011). Other tertiary alcohols of the type C 3 H 5 *C(OH)KR', prepared from 
ketones CjHj'COH with alkyl-Mg-halides, have been described (id. Belg. 
30, 163, 619; Ann. Brux. 47, 11, 27). 

Cyclopropyl glycol C 3 H 5 CH(OH)CH 20 H, b.p. 213-216®, is prepared from 
vinyl-cyclopropane (cf. above) by the action of KMn 04 (Demjanov, Ber. 
55, 2718). 


ALDEHYDES AND KETONES 

CH, 

Cyclopropane aldehyde | 


CH,/ 

propyl carbinol by oxidation with chromic acid. 


2 \ 

pCH'CHO, b.p. 98®, is prepared from cyclo- 


CH, 

Cyclopropanone ) ^CO is formed from diazomethane and an excess of 

keten in absolute ether (Ott, J. pr. 130,177; Lipp, Ann. 499, 23). All attempts 
to isolate the ketone result in rapid polymerisation. If the ether is evapors-ted 
in the presence of moisture the hydrate CgHgOg m.p. 71--72® is formed, which 
isomerises into propionic acid, foten and diazo-methane react in dry ether 
containing methanol to form the methyl-semiacetal,C 4 H 8 O 2 , b.p. 46 -46®/14mm. 
The ethyl-semiacetal isomerises under the influence of aqueous KOH to 
ethyl propionate b.p. 99®. 


CH2. 

Acetyl-cyclopropane, ^CH*Ac, b.p. 113®, can be obtained from 

CHa^ 

aceto-propyl bromide by elimination of HBr with KOH, or by heating acetyl- 
propane-carboxylic acid, or by the action of MeMgl on cyclopropyl cyanide, 
or finally from a, ^-methyl-cyclopropyl-ethylene by oxidation with KMn 04 . 
With inorganic acids the ring is opened. For homologous ketones see Bruylants, 
Ac. Belg. 1908, 1011; for homologous ketones with alkyl residues, Michiels, 
Belg. 24, 396; Kishner, C. 1923 III 669; Wohlgemuth, Ann. chimie (9) 3, 141; 
Bruylants, Ann. Bruxelles 47 II 27; Belg. 36, 619. 


CH, 


Benzoyl-cyclopropane, 1 *^CH*COPh, m.p. 6®, b.p. 248®, is obtained 


CH. 


from benzoyl-cyclopropane-carboxylic acid at 200 ®, and from y-chloro- 
butyrophenone and KCN in abs. MeOH (Allen, Can. J. Res. 9,169). Oxime, 
m.p. 88 ®. Homologous ketones with aryl residues: HaUer, C. r. 154, 1667; 
Kohler, Am, 41, 1249, 1379; 50, 884. 


CYCLOPROPANE CARBOXYLIC ACIDS 

These compounds are formed by the general methods of ring synthesis given 
on p. 19, numbers 6 and 6 , and by method 9 a, which is specific for cyclopropane 
derivatives (Buchner, Ann. 284, 197). Cyclopropane-polycar boxy lie acids 
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in which two carboxyl groups are attached to the same carbon atom can 
be converted, by loss of CO 2 , into carboxylic acids containing one carboxyl 
less. Interesting cases of cis-trans isomerism, reminiscent of the trithio- 
aldehydes (I, 246), arise from the position of the carboxyls either on the 
same side or on opposite sides of the plane of the cyclopropane ring. 

Cyclopropane-carboxylic acid, C 3 H 5 CO 2 H, m.p. 18®, b.p. 183® {Fichter, Ann. 
227, 24; Perkin, J. 47, 816) is isomeric with crotonic acid. The cyclo¬ 
propane ring is opened by bromine, a, y-dibromo-butyric acid being formed 
{Kishner, C. 1909 II 1130). The nitrile, b.p. 135®, has been prepared by 
distilling y-chloro-butyronitrile from KOH, and by the action of KCN 
on trimethylene chlorobromide and subsequent ring closure {Haller, C. r. 
164, 1667). Ethyl eater, b.p. 134®; chloride, b.p. 121®; amide, m.p. 124® 
{Kishner, C. 1901 II 679; Dalle, Ac. Belg. 1902, 36); anilide, m.p. 112®. 
Chlorine, on heating, converts it into a mixture of a, y-dichloro-butjn'ic 
acid and chloro-cyclopropane-carboxylic chloride, b.p. 141—143®; from the 
latter the free chloro-cyclopropane-carboxylic acid, C 3 H 4 CICOOH, m.p. 
70—71®, can be obtained {Bruylants, Ac. Belg. 1921, 702). On electrolysing 
equivalent amounts of cyclopropane-carboxylic acid and its potassium salt 
the allyl ester is formed; the reaction proceeds through cyclopropane-per- 
car boxy lie acid, which loses COg and forms allyl alcohol, possibly by way 
of cyclopropanol {Fichter, Helv. 6 , 450). The reaction of the silver salt with 
iodine results in the triglyceride of cyclopropane-carboxylic acid, C 16 H 20 OQ, 
b.p. 144®/0-04 mm., the all}^ ester presumably being an intermediate {Lipp, 
Ann. 499, 1 ). 

2-Methyl-cyclopropane carboxylic acid, b.p. 96-6®/14 mm., is prepared 
from l-methyl-cyclopropane-2-glyoxylic acid with {Wohlgemuth, Ann. 

chimie (9) 8 , 141). 

.CHCOOH 

2,2-Dimethyl-cyclopropane carboxylic acid (CH 3 ) 2 C<^ I , b.p. 

100®/10mm., has a strong odour of butyric acid; amide m.p. 177®. The ester, 
b.p. 90®/15 mm., is obtained by removing HBr from 3,3-dimethyl-y-bromo- 
butyric ester {Blanc, C. r. 146, 78). 

2 -Isopropyl-cyclopropano carboxylic acid, C^HigOg, b.p. 116®/16 mm. {ethyl 
ester, b.p. 95—100®/16 mm ; amide, m.p. 167®) has been obtained by the 
general method lb, p. 18 from / 5 -isopropyl-y-bromo-butyric ester {Blanc, 
C. r. 145, 78). 


/?-Cyclopropyl- a -alkyl-propionic acids of the general formula 
CaHjCHgCHRCOOH (R = amyl to tetradecyl) are obtained from cyclo- 
propylmethyl bromide and Na-alkyl-malonic esters {Arvin, Adams, Am. 
60, 1983). The decyl and undecyl derivatives attack Mycohact. leprae and 
in this resemble the corresponding acids of the cyclopontane series. 

2-Isobutenyl-3,8-dimethyl-cyclopropane-l-carboxylic acid, d, Z-chrysan- 
themic acid (p. 483), b.p. 145-146®/13 mm., cis acid m.p. 116-116® 


(CH3)2C< 


/CH-CH; QCHg)* 
^CHCOOH 


. The esters are formed from diazo-acetic ester 


and 1,1,4,4-tetramethyl-butadiene {Staudinger, Helv. 7, 390). Other cyclo¬ 
propane carboxylic acids with unsaturated alkyl side chains have also been 
described (ibid.). Degradation by ozone gives Z-trans caronic acid (p. 31) 
and acetone (id., Helv. 7, 201, 390). 

Esters of chrysanthemum-monocarboxylic acid and of the dicarboxylic 
monomethyl ester (p. 33) with the cyclic alcohol pyrethrolone (p. 58), 
are known as pyrethrins (constitution see p. 482), and are noteworthy for 
their insecticidal properties. 

2-Phenyl-cyclopropaiie-l-carboxylic acid, trans form, m.p. 106®, 
.CHCOOH 

CcH 5 CH<^ I has been obtained by reaction 9a (p. 21 ), the addition 
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of diazoacetic ester to styrene (vol. III). Degradation results in trans cyclo- 
propane-1,2-dicarboxylic acid {Buchner, Ber. 86, 3784). 

2,8,8-Triplienyl-cyclopropane-l-carboxylic acid has been prepared from 
diphenyl-diazo-methane and cinnamic ester through the corresponding 
pyrazoline compound {Staudinger, Ber. 49, 1928). 

1-Phenyl-l-cyanocyclopropanc, b.p. 99®/l mm., has been prepared from 
benzyl cyanide and ethylene-chlorobromidc with NaNH 2 {Knowles, Cloke, 
Am. 54, 2028). 

Hydroxy Acids: a-Cyclopropyl-a-hydroxypropionic acid CH 3 (C 3 H 5 )*C(OH) 
• COOH'^/a HgO, m.p. 64>66®, anhydrous m.p. 75*6®, is formed from 1-methyl- 
1 -cyclopropyl-ethylene with KMn 04 , together with acetyl-cyclopropane (cf. 
above) {Kishner, C. 1911 II 363). 


8-BENZOXYL-2-PHENYL-CYCLOPROPANE-1-CAEBOXYLIC ACIDS 


These acids are degradation products of a-, y- and e-truxillic 
acids (p. 41) and of and d-truxinic acids (p. 42). The method 
is as follows; the amido-acids are converted by hypochlorite solution 
into amino acids, which are treated with nitrosyl bromide; the 
ring is opened and lactones containing the cyclopropane ring are 
formed; finally, the lactones are converted into hydroxy-acids. The 
transformation of truxillic and truxinic acids into benzoxyl-phenyl- 
cyclopropane-monocarboxylic acids is illustrated by the formulae: 

HOOC-CH-CH.CeHj 

I i 

OeHg.CH—CHNHa 
truxillic form 

HOOC-CH— CHNHj 

-CH-C,H, 

truxinic form 


HOOC • CH CH(OH) - C.Hj 
CeHj-CH^CH 

HOOC-CH -CH 
CgHj-ClT^ CH(OH).CeHj. 


For the course of the reaction in individual cases see Stoermer, Ber. 60, 
2573; 64, 2785. These hydroxy-acids contain four asymmetric 
carbon atoms in structurally different positions. Eight racemic forms 
are possible, which have the configurations la, Ib, IIa, lib, Ilia, 
nib, IVa, IVb shown below. The eight acids are represented 
by the following four formulae, each of which includes an a- and 
a b-form distinguished by the alternative arrangements of the 
secondary alcoholic group, not indicated here {Schenck, J. pr. 134,230). 


la, b 


Ilia, b 



Ph 

Ph 

j 


1 

CH-OH 

CH-OH 


j 

COOH 

1 

H COOH 

z. 


Ila b 

H 

A i 

Ph fi H 


H 

H 


COOH 

IVa, b . 

H CHOHH 


H 


COOH 


(in* 


OH H 


Ph 
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The asymmetry of the carbon atom carrying the hydroxyl 
disappears when it is oxidised to a carbonyl group, and each pair 
of a- and b-hydroxy-acids must give one and the same keto-acid. 
The four racemic isomers are all known (p. 29). By ring fission, 
known aromatic acids have been obtained from both hydroxy and 
keto acids (Stoermer, Ber. 61, 2312). 

The main degradation product ofy-truxillic acid is the lactone of I a, 
together with a very small amount of the lactone of Ib and greater 
amounts of the lactones of II a and II b. Ilb is the only degradation 
product of £-truxillic acid. Potash changes the hydroxy-acid la into 
the hydroxy-acid Ilia which does not form a lactone. The same 
hydroxy-acid is formed together with the lactone of the hydroxy- 
acid lib and a-benzoxyl-/5-benzylidene-propionic acid m.p. 148—149® 
by degradation of a-truxillic acid (id. Ber. 64, 2785). In addition 
to these lactones l-benzylidene-3-phenyl-isocrotonic lactone m.p. 152® 
is formed: 


CflHsCHrC.CHrCC.Hs 


CO 


The position of the residues COOH, Ph, PhCHOH (benzoxyl), 
above or below the cyclopropane ring, is indicated in the names 
of the acids given below by the indices c = cis and t — trans attached 
to the number indicating the position in the ring. 

8c-Benzoxyl-2®-phenyl-cyclopropaiie-l®-carboxyIlc acid, —la—, m.p. 
146—146® decomp., lactone m.p. 133*6—134®, converted by vacuum distillation 
into trans-trans a, d-diphenyl-a, y-butadiene m.p. 162—163®. Methyl ester 
m.p. 124-126®. 

8«-Benzoxyl-2®-phenyl«cyelopropane-lc-carboxylic acid, —Ib—, m.p. 
171—172® decomp., methyl ester m.p. 171—172®, lactone m.p. 168—169®. 

8®-Benzoxyl-2^-plienyl-cyclopropane-l®-carboxylic acid, —IIa—, m.p. 122® 
efferv., lactone m.p. 120—121®, methyl ester m.p. 73—74®. 

8®-Benzoxyl-2*^-phenyl-cycIopropaiie-l®-carboxylic acid, —II b—, m.p. 163® 
decomp., lactone m.p. 116®, methyl ester m.p. 86—87®. 

8^-Benzoxyl-2^-phenyl-cyclopropanc-l®’’Carboxylic acid, —^Illa—, m.p. 
186—186® decomp., from lactone I a by alcoholic potash and from a-truxillamido 
acid. Methyl ester m.p. 76—76®. 

8^-Benzoxyl-2^-pbeny]-cyclopropane-tc.carboxylic acid, —Illb—, m.p. 
188—189®, methyl ester m.p. 104-106®. 

8*-Benzoxyl-2‘’-phenyl-cyclopropane-l®-carboxylic acid, —IVa—, m.p. 
162—163®, methyl ester m.p. 124-126®. 

8*^-Benzoxyl-2c-phenyl-cyclopropane-l®-carboxylic acid, —IVb—, m.p. 
161—162®, methyl ester m.p. 82—83® and 126—126®. 


KETONIC ACIDS 

l-Methyl-cyclopropyl-2-glyoxylic acid, b.p. 100-101®/17 mm., is prepared 
from l-methyl-2-propionyl-cyclopropane with KMn 04 {Wohlgemuthy Ann. 
chimie (9) 8, 141). 

CHjsv /COCH3 

1-Acetyl-cyclopropane-l-carboxylic ester, | , m.p. 196®, 

^C00C2H5 

from sodium-aceto-acetic ester and ethylene bromide {Perkin, Ber. 17, 
1440). 

l,l-l>imethyl-2-acetonyl-cyclopropane-8-carboxylic acid, CgHi403, an oil, 
from the dihydroxy-acid from ^l^-carene, p. 247 {Simonsen, J. 123, 649). 
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2 , 2 -Dimethyl -85 y-ketobufyl-cyclopropane-l-carboxylic acid (formula I, 
p. 248), m.p. 78—79®, obtained by oxidative degradation of Zl*-carene, or 
synthetically by condensing methyl-heptenone with diazo-acetic ester {Owen, 
Simonsen, J. 1932, 1424). 

l-Isopropyl-2-acetyl-cyclopropane-l-acetic acid, oL-tanacetonic acid, thuja- 
keto-acid, CioHj^Oj, m.p. 75°, ethyl ester b.p. 83—84°/0*2 mm., arises 
from oxidative ring fission of thujone (tanacetone p. 242) with KMn 04 
(Semmler, Ber. 36, 4367). Further degradation gives a-tanacetone-dicar boxy- 
lie acid C 9 H 14 O 4 p. 32. With chloro-acetic ester and a subsequent Dieckmann 
condensation, the ring can be closed and thujone (semicarbazone m.p. 172°) 
regenerated {Ruzicka, Helv. 15, 944). 

l-Benzoyl-cyclopropane-l-carboxylic acid, m.p. 148°. Its ester is formed 
by the interaction of benzoyl-acetic ester, ethylene bromide and Na {Haller^ 
C. r. 154, 1567; Kishner, C. 1912 I 1458). 

3-Benzoyi-2-phenyl-cyciopropane-l-carboxylic acids have been prepared 
by oxidising the corresponding benzoxyhc acids (p. 27) or their methyl 
esters with chromic acid in AcOH, or by removal of COj from the corresponding 
dicar boxy lie acids which have the two carboxyls on the same carbon atom. 
Condensation of chalkone with diazo-acetic ester yields the same compounds 
by way of the pyrazoline derivatives. The 3-ring is opened by HCl {Kohler, 
Am. 41, 1093). The Roman numerals in the following paragraphs refer to 
diagrams p. 27. 

3‘5-Benzoyl-2c-phenyl-cyclopropane-lc-carboxylic acid, —\—, m.p. 157°, 
decomp. Methyl ester, m.p. 115—116®, by oxidation of the methyl ester of the 
hydroxy-acid la. 

3c-Benzoyl-2^-phenyl-cyclopropane-l°-carboxylic acid, —II—, m.p. 174°. 
Methyl ester, m.i). 92°, from the esters of hydroxy-acids II a and II b. Ethyl 
ester m.p. 103° from the pyrazoline-carboxylic ester which is formed, together 
with 4,6-diphenyl-pyrone, by the addition of diazo-acetic ester to benzy- 
lidene-acetophenone (id. Am. 41, 1093). 

3t-Bcnzoyl-2t-phcnyl-cyclopropane-lc-carboxylic acid, —III—, m.p. 
153—164°, from 3-benzoyl-2-phenyl-cyclopropane-l, 1 -dicarboxylic acid (id. 
Am. 39, 1404). Methyl ester, m.p. 66—67°, from the methyl ester of the 
hydroxy-acid Ilia. 

3t-Benzoyl-2c-phenyl-cyclopropane-lc-carboxylic acid, —IV—, m.p. 
136—137°, from the methyl ester of keto-acid I by alcoholic potash. Methyl 
ester, m.p. 66—67-6°. 


POLYCARBOXYLIC ACIDS 

CH2\ 

Cyclopropane-1,1-dicarboxylic acid, vinaconic acid, | )>C(C02H)2, m.p. 

140°, is prepared by method 5, p. 19, {Dox, Am. 43, 2097) or from the 
mononitrile by the steps: ester, bromide {Alien, Can. J. Res. 9 (1934), 169). 
HBr converts it into bromo-ethyl-malonic acid, BrCHgCHg * 011 ( 00211 ) 2 ; it 
adds on bromine slowly {Fittig, Marburg, Ber. 18, 3413), but is unattacked 
by nascent hydrogen, HNOs or KMn 04 {Buchner, Ber. 23, 704; Marburg, 
Ber. 28, 8 ; Ann. 294, 92). The ester gives butane-tetracarboxylic ester 
on condensation with sodio-malonic ester, thus behaving like an a, P~ 
unsaturated ester (I 667; Bone, Perkin, J. 67, 108). For the constitu¬ 
tion of vinaconic acid and its homologue, methyl-vinaconic acid, see 
Marburg, Ann. 294, 89. 

l-Cyano-cyclopropane-l-carboxylic acid, m.p. 149°, from sodio-cyanoacetic 
ester and ethylene bromide, sec Carpenter, Perkin, J. 75, 921. 

2,3-Diphenyl-cyclopropene-l,l-dlcarboxylic acid, C 17 H 12 O 4 , m.p. 190°, di¬ 
methyl ester, m.p. 14^, has been prepared from benzylidene-malonic 
ester and phenyl-nitro-methane, and also by condensing nitro-stilbene and 
malonic ester, by the steps 
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C.H,. 

C,H5. 


CH—CH(C00R)2 
CHNOj 


bromine 

IC>acetate in methanol 


I >C(COOH)* 
CeHj.C / 

i!ro. 


c.H..a 




The constitution is proved by the degradation with KMn 04 to dibenzoyl- 
methane, m.p. 77° (Kohler, Am. 53, 1117). 

CeHgCH—CH • COC4H4Br 

Cyclopropanc-keto-l,l-<licarboxylic acids, \/ , with 

C(C00CH3)2 

an aromatic keto group, are formed in the condensation of bromo-sub- 
stituted unsaturated acetophenones, c.g. benzylidene-p-brorno-acetophenone, 
with malonic ester and NaOCHg. Ring closure is achieved by means of 
Mg(OEt) 2 . Two forms exist, m.ps. 104° and 113° (id. Am. 39, 2405). 

3-Benzoyl-2-phenyl-cyclopropane-l,l-dicarboxyIic acid evolves COg on 
heating, to form the keto-monocarboxylic acid III p. 29. The dimethyl 
ester, m.p. 92°, is formed by elimination of HBr from (a'-phenyl-/9'-bromo- 
i8'-benzoyl)-ethyl-malonic methyl ester (id. Am. 39, 1404). 3-Methyl- 

3-benzoyl-2-phenyl-cyclopropanc-l,l-dicarboxylic acid, m.p. 176—178°, is 
obtained similarly via its dimethyl ester, m.p. 101°. The starting materials 
for these synthesis are obtained by adding dimethyl malonato either to 
benzal-acetophenone or to benzal-propiophenone (id. Am. 41, 992). 

Cyclopropane-1,2-dicarboxylic acid. Two isomers, are known, which are 
the cis and trans forms {Baeyer, Ann. 245, 128): 

COoH COgH COgH H 

i I II 

c c c-c 

i\ /I l\ /I 

H CH, H H CH, CO,H 

cis form trans form 


Cyclopropane-1,2-dicarboxylic acid, cis m.p. 139°, anhydride m.p. 69° is 
prepared from cyclopropane-1,1,2-tricarboxylie or 1,1,2,2-tetracarboxylic 
acid by heating. Its ester results from the condensation of ethylene bromide 
and malonic ester in presence of NaOEt {Kuster, Z. physiol. Ch. 145, 46). 

Cyclopropane-l,2-dicarboxylic acid, trans, m.p. 176°, has been obtained 
from monobromo-glutaric ester by treatment with alcoholic potash {Boutwell, 
Perkin, Proc. 15, 241). This acid, like the cyclopropane-1,2,3-tricarboxylic 
acid described below, can be resolved, by means of its quinine salt, into two 
optically active components {Buchner, Ber. 38, 3112). Its methyl ester, 
b.p. about 210°, is prepared from pyrazoline-dicarboxylic-3,6-dimethyl ester 
by method 9 a p. 21, with glutaconic ester as a by-product, or from fumaric 
ester with diazomethane {v.Pechmann, Ber. 27, 1888). Condensation of 1-phenyl- 
butadiene with diazo-acetic ester and subsequent removal of the benzylidene 
residue by oxidation gives cyclopropane-1,2-dicarboxylic acid in a similar 
way. The trans acid is transformed at 300° into the cis anhydride m.p. 67° 
{Buchner, Ann. 284, 214). The dichloride of the acid, b.p. 102°/12 mm., forms 
with NagOg the dicarboxylic peroxide C 3 H 4 (CO)gOg, decomp. 86°, which 
explodes on rapid heating {Fichter, Helv. 12, 1162). The reaction of Na- 
malonic ester with a, a'-dibromo-glutaric ester results in the ester of 1 -bromo- 
cyclopropane-1,2-dicarboxylic ester; the free acid melts at 172°. At the same time 
l,2,2,3-cyc|obutano-tetracarboxylic ester (p. 44) is formed. The brominated 
acid readily yields 1 -hydroxy- and l-methoxy-cyclopropane-l,2-dicarboxylic 
acids m.p. 206—210° and 121° {Ingold, J. 119, 306; Ing, Perkin, J. 127, 2387). 

l-Methyl-cyclopropane-l,2-dicarboxylic acids, cis and trans, m.ps. 142° 
and 168° resp., anhydride b.p. 164—167°/20 mm., are formed from a-methyl- 
a-bromo- or a-methyl-a'-bromo-glutaric esters with alkali {Ingold, J. 127,387). 
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3-Methyl-cyclopropane-l,2-dicarboxylic acid exists in three stereoiso- 
meric forms: 



trans form, m.p. 196® cis-cis form, m.p. 108® trans-cis form, ra.p. 132® 

I and II are formed from 3-methyI-cyclopropane-l,l,2-tricarboxylic ester by 
hydrolysis and heating with HCl, III in the same way from ethylidene- 
dimalonic ester through 3-methyl-cyclopropane-l,l,2,2-tetracarboxyiic ester 
{Oo88, IngoJd, Thorpe, J. J23, 3342). 

/CH(C02H) 

3-Methyl -/d^-cycIopropene-l,2-dicarboxylic acid^, , 

m.p. 200® {Fei8t, Ber. 26, 769), has been resolved, by the aid of brucine and 
strychnine, into optical isomers, [a]D -f 116® and—128® resp. For a discussion 
of the constitution of the acid and its esters see Feist (Ann. 436, 135) and 
Ooss, Ingold, Thorpe (J. 123, 327; 127, 462). 

],2-Dimethyl-cyclopropane-l,2-dicarboxylic acid, cis, m.p. 116-117®, 
anhydride, m.p. 64—66®; trans m.p. 230—231®, from pyrocinchonic dimethyl 
ester and diazomethane {Auwer8, Ann. 511, 162). 

3,3-Dimethy]-cyclopropane-l,2-dicarboxylic acid, caronic acid, trans-d,/ acid, 
m.p. 213®, is resolved by nor-yephedrine into a d-form m.p. 212®, [ajD + 34*8® 
and a i-form m.p. 212®, falD — 34*6® {Owen, 8imon8en, J. 1933, 1223). It is 
converted by heating with acetic anhydride into the anhydride of the cis 
form, m.p. 66®, from which the cis acid is prepared, m.p. 176®, anil m.p. 116®, 
Caronic acid is formed in the oxidation with KMnOi of carane derivatives, 
which therefore must contain the cyclopropane ring (p. 248; Baeyer, Ber. 29, 
2799. The caronic acids have been synthesised from a-bromo-ft j?-dimethyl- 
glutaric ester by treatment with alcoholic potash {Perkin, Thorpe, J. 75, 48). 

By heating with hydrogen bromide, caronic acids are readily transformed 
into terebic acid (p. 265), from which they are regenerated by treatment with 
SOCla in benzene {Barbier, C. r. 153, 188): 

/CHBr COOR ale /CH-COOH HBr .0-CO 

(CH3)aC<( ^(CH3 )aC<( i {CR,hC<^ i 

^CHa-COOR koh NCH COOH soci, \CH(COOH)—CHa 

caronic acid terebic acid 

When a, a'-dibromo-/3, /5-dimethyl-glutaric ester is heated with alcoholic 

.C(OCaH,)COaH 

potash, ethoxy-caronlc acid (CH8)aC<^ ! , m.p. 138®, is formed. 

CHCOall 

l-Isopropyl-cyclopropane-l,2-dicarboxyIic acid, umhellularicacid C 8 H 1 . 2 O 4 , 
cis df-form m.p. anhydride 126—127®; d- and Z-forms, m.p. 119—120®; 
La]D + 86*9® and —88*8®; trans dZ-forra, m.p. 197®, d- and Z-forms, m.p. 166®; 
[a] 546 i + 232-1® and —236-2® {Rydon, J. 1936, 829; Ranganathan, J. Ind. 

Ch. Soc. 13 (1936), 419). This acid has been synthesised by method 9 a 
(p. 21): the cis form is the final product of the oxidation of umbel- 
lulone (p. 246) {Tutin^ J. 89, 1104; Semmler, Ber. 40, 6019; 41, 3988). 

The trans acid when heated with acetyl chloride gives the anhydride of 
the cis form, a liquid, b.p. 113®/4 mm. 

^ A^, A^, A^ etc. indicate the position of a double bond between C-atom 
1, 2, 3 etc. and the following one. Sometimes it is better to use as suffix to 
the name of the compound a numeral which indicates the position of the 
double bond, e.g. 2-methyl-cyclopropene-l. The position of the hydroxyl 
group in an alcohol, or that of the keto group in a ketone is often shown in 
the same way, e.g. l-methyl-cyclohexanone-3. 
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8 , 8 -Diethyl-cycIopropane-l 92 -dicarboxylie acids, cis and trans, C 9 H 14 O 4 , 
m.ps. 170® and 240® resp. are obtained from a, a'-dibromo-/5, / 9 -diethyl-glutaric 
acid by the action of potash at 160®. The anhydride, a hygroscopic oil, 
is formed by heating the cis form or treating it with acetic anhydride. 
{Deshapande, Thorpe, J. 121, 1437). If dibroino-diethyl-glutaric acid is 
boiled with dilute alkali for about two minutes the corresponding a-hydroxy 
acid is formed: 3,3-diethyl-cyclopropane-l-ol-l,2-dicarboxylic acid, m.p. 
200®. If alkali is slowly added, a-keto-^, jS-dicthyl-glutaric acid, m.p. 128®, 
results. In dilute alkali an equihbrium between the two acids is set up 
slowly (see also Kov., Stevenson, Thorpe, J. 121, 660): 


OH 

CgHg. /C*COOH 

>c<r i 




I 

CH-COOH 




CsH,/ \cH,.COOh’ 


3-cis-Phenyl-trans-cyclopropane-l,2-dicarboxylic acid, CgHgCH 


CHCOOH 

I 

chcooh’ 


m.p. 176®, anhydride, m.p. 134®, anil m.p. 193®, is prepared by treating 
a-bromo-benzylidene-bismalonic ester with alcoholic ammonia, or phcnyl- 
paraconic acid (benzoxyl-succinic lactone) with SOgClg in benzene {Barhier, 
C. r. 168, 188), and also by addition of diazo-acctic ester to cinnamic ester 
(Buchner, Bcr. 86 , 3774; Kotz, J. pr. 76, 490; Hardi, Thorpe, J. 127, 1237). 

8 . 8 - Dipbenyl-cyclopropanc-l,2-dicaTboxyllc acid, diethyl ester, m.p. 181®, 
is formed from diphenyl-diazomcthane and fumaric ester (Standinger, Ber. 
48, 1938). 

8-Phenyl-2-ethoxycyclopropanc-l,2-dicarboxylic acid, m.p. 198—199®, is 
obtained by hydrolysis of )S-phenyl-a, a'-dibromo-glutaric ester (Hardi, 
Thorpe, J. 127, 1237). 

8 . 8 - Dimethyl-cyclopropane-l-acctic-2-carboxylic acids, cis and trans homo- 

.CHCOOH 

caronic acids (CH 3 ) 2 C<; | , m.ps. 136® and 191® resp., can both 

\CHCH2CO2H 

be obtained from ^-isohexenoic ethyl ester and diazo-acetic ester (Owen, 
Sitnonsen, J. 1938, 1226). The cis form is obtained by gentle oxidation of 
.d®-carene (p. 246) and by oxidising l,l-dimethyl-2-acetonyl-cyclopropane- 
3-carboxylic acid (p. 28) with alkaline bromine solution (Simonsen, J. 123, 649). 

1 -Isopropyl-cyclopropane-l -acetic-2-carbo^lic acid, oL-tanacetone-dicar- 
hoxylic acid, m.p. 141*5®, is a product of oxidative degradation of sabinene 
(p. 240; Wallach, Ann. 369, 266; Semmler, Ber. 36, 2046), of sabinol (p. 242; 
id. Ber. 83, 1469), and of thujone (p. 242; id. Ber. 36, 4367). When its di¬ 
methyl ester is boiled with NaOCHg the ring is opened, CH 3 OH eliminated, 
and a 6 -membered ring formed. 


C 3 H 7 • C * CHa * COOCH 3 C 3 H 7 . C- CHv 

/\ ■ -> I >C0 

HjC -—CH. COOCH 3 HjC—CH^OOCHa 

in which the H-atom between carbonyl and carboxyl can be substituted 
by alkyl groups. Catalytic reduction gives the saturated keto-ester (7'oiyonew, 
Ann. Acad. Sci. Fenn. 28, no. 8 , 1928). For the formation of tanaceto- 
phorone see pp. 67 and 243. 

Cyclopropanc-l-carboxylic-l,/?-propionic acid, m.p. 162®, sec p. 166. 

1,1-Dimethyl-cyclopropane-2-carboxylic-3,/?-propionic acid C 9 H 14 O 4 , cis-d, l- 
acid, m.p. 108®; d-form isolated by means of nor-v>-ephedrine, m.p. 112 ®, 
[a]D + 37*4®; Z-form, m.p. 112®, [a]D — 37* 1®. The trans d, Z-acid has been 
resolved by morphine; d-form, m.p. 106®, [a]D + 39®, Z-form, m.p. 106®, 
Md — 37*8® (Owen, J. 1983, 1223). The racemic cis and trans acids are 
obtained from methyl-heptenone and diazo-acetic ester by way of the keto- 
acid, OjoHijOa, m.p. 79® (id. J. 1932, 1424). The cis-d-form results from 
oxidation of ^*-carene (Simonsen, J. 121, 2292). 
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l-Isopropyl-cyclopropane-l-carboxyIic-2, j^-proplonic acid, homo-Uinacetone- 
dicarhoxylic acid, m.p. 148®, has been obtained from the benzylidene compound 
of dihydro-umbellulone (Terpcncs, p. 245) by ring fission with KMn 04 
{Semmler, Ber. 40, 6017; 41, 3988). 

/?-(2,2-Dimethyl-cyclopropane-l-carboxy]ic)-ce-inethyl-acrylic acid {chry- 
santhemum’dicarhoxylic acid), m.p. 164®, methyl ester, b.p. 140®/0«6 mm. 
The methyl ester of this acid has been prepared by hydrolysis of the pyrethrol- 
one ester occurring in chrysanthemum flowers (p. 482). The constitution is 
deduced from ozonolysis to Z-trans-caronic acid and pyruvic acid, and 
from the degradation by ozone ot the decarboxylatcd compound, 2,2-dimethyl- 
3-propenyl-cyclopropane-l-carboxylic acid, b.p. 133®/12mm., which gives 
Z-trans caronic acid and acetaldehyde (Staudinger, Euzicka, Helv. 7, 201; 
Yamamoto, J. Chem. Soc. Japan 44 (1933), 311). 

.C(C02H)2 

Cyclopropanc-l,l,2-tricarboxyIic acid, CH 2 \ | , m.p. 187® dec. 

\CHCO 2 H 

The ethyl ester, b.p. 276®, is obtained from a, /9-dibromo-propionic ester 
{Conrad, Ber. 17, 1187), and from a-bromo-acrylic ester with Na-malonic ester 
(method 6, p. 19) {Michael, J. pr. 35, 132, 349), and also from the conden¬ 
sation product of camphene (p. 263) and diazo-acetic est(;r by oxidative 
degradation {Buchner, Ber. 46, 759). 

3-Fhcnyl-cyclopropane-l,l,2-tricarboxy]ic ethyl ester, b.p. 208-211®/16mm., 
from dibromo-hydrocinnamic ester and Na-malomc ester {Hardi, Thorpe, 
J. 127, 1237). 

/CHCOoH 

I< I 

\CHCO2H 

—153®, trans m.p. 220®, anhydride m.p. 187®, b.p. 265®. The cis acid is pre¬ 
pared from the 1,1,2,3-tetracarboxylic acid {Perkin, Ber. 17, 1652), the trans 
acid from pyrazoline-3,4,5-tricarboxylic trimethyl ester, which is the adduct 
of fumaric ester and diazo-acetic ester {Buchner, Ber. 23, 2683); the trans 
form also results from the oxidation of pseudophenylacetic, or norcaradiene- 
carboxylic acid (pp. 73 and 1(>5) by KMn 04 {Braren, Buchner, Ber. 34, 996). 
Alkyl-cyclopropane-tricarboxylic acids see Buchner, Ber. 27, 868 . 

Cyclopropane-1,1,2,2-tetracarboxylic acid CH 2 <; i melts at 214® 

\C(C02H)2 

with decomp, into the cis 1,2-dicarboxylic anhydride. It has been synthesized 
from the condensation product of pyruvic acid and parafoi maldehyde by 
the steps shown below {Feofilaktoi', C. 1930 I 1471). Ethyl ester m.p. 43®, 
b.p. 187®/12 mm., prepared by method 6, p. 20 {Dressel, Ann. 256, 171). 
CH 2 CH 2 

/N /\ 

CH, - CH CH-CHj H,so. CHj-C C 


oc—CO—0 


CH, 


0—CO—CO 

m.p. 240® 


0 

/ \ 

CO CH, 

i 

I I 190® 

CH 2 CO 

\/ 

0 

Dilactone, m.p. 84—87® 

Kichter-Anschtttz 11. 


i,no I M II I 

iw o—CO—C C—CO —0 


o 

m.p. >. 300® 


CH 2 

/\ 

(COOHlaC -C(C00H).2 


KM 11 O 4 


^*0 


CH 2 
/\ 

HOOC-C C.CH 2 OH 
I I 
CH 2 CO 

\/ 

o 

m.p. 186® 


HNO, 


CH* 


HOOC-C C-COOH 

I 

CH 2 CO 

\/ 

o 

m.p. 216® 

3 
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.CHCOjH 

Cyclopropane-1,2,8,8-tetracarbo3cyllc acid j£ ’ gives 

cis 1,2, 3 -tricarboxylic acid between 96® and 100® by loss of CO 2 . Ethyl eatery 
b.p. 246®, from dibromo-succinic ester according to method 5, p. 19. The 
cis-l,2-trans-l,3-acid decomposes at 196—198® {Buchner, Ann. 284, 289). 

l,l-Dlalkyl-2,8-dIcyano-cyclopropane-2,3-dicarboxylic acids are known as 
their imides of general formula 

R . /C(CN)—CO. 

>C< I >NH 

R/ \C(CN)—CO/ 

They are prepared from the corresponding dialkyl-dicyano-dibromo- 
glutnrimides {QuareacM, C. 1899 II 439; Beano, C. 1901 T fe2). 

ROOCC(CN). .CN 

Cyclopropano-tricyano-tricarboxyiic ester, | ^C<; , m.p. 

ROOCC(CN)/ ^COOR' 

119®, results from the action of Brg or Ig on Na-cyano-acetic ester in ether, 
and gives on hydrolysis first cyclopropane-tetracarboxylic, and then 1,2,3- 
tricarboxylic acid {Errera, Ber. 83, 2979). 


2. CYCLOBUTANE GROUP 

The cyclobutane ring forms part of the complex ring structure of 
some important compounds of the terpene class. Pinene (p. 250), 
the main constituent of turpentine oil, is degraded by oxidation 
to pinic and norpinic acids, two compounds containing the cyclo¬ 
butane nucleus. Truxillic and truxinic acids, which are isomeric 
diphenyl-cyclobutane-dicarboxylic acids, occur together with alka¬ 
loids in coca leaf. Anemonin, a lactone of cyclobutane-diol-diacrylic 
acid, occurs in anemone oil as a secondary distillation product. 

Synthetically, the main ways of preparing cyclobutane compounds 
are the ring closure method of Wurtz and the two malonic ester 
methods of Perkin, Ketones are obtained by distilling barium salts 
of substituted glutaric acids. Two special methods should be men¬ 
tioned: one is the condensation of two molecules of ketens, allenes 
and related compounds, or the condensation of one molecule of such 
a substance with an olefin, under the influence of light of long 
wave length (Staudinger, Ber. 53, 1092; Helv. 7, 8 ); cinnamic acid, 
styrene, stilbene and other unsaturated compounds have been sub¬ 
jected to the same treatment (de Jong, Ber. 55, 463; C. 1922 I 745). 
The other special method of four-ring synthesis consists in the inter¬ 
action of sodium compounds of substituted glutaric acids with CHgl^ 
or with COBrg {Kerr, Am. 51, 614). Finally, some compounds can be 
obtained by ring contraction of cyclopentane derivatives or by ring 
enlargement of cyclopropane derivatives (see ring transitions p. 11 ). 

Short wave radiation depolymerises a number of cyclobutane 
derivatives into olefins. The theoretical treatment of the isomerism 
of truxillic and truxinic acids (p. 41) affords a valuable contribu¬ 
tion to the stereochemistry of cycloparaffins. The cyclobutane 
ring is more resistant to HBr, Hi, Brg or H 2 SO 4 than the cyclo¬ 
propane ring. The ring is always broken between two unequally 
substituted C-atoms. The compounds give no colour with tetranitro- 
methane in distinction to cyclopropane derivatives {Filipov, C. 1915 
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I 1057). Highly alkylated cyolobutane carboxylic acids are bacteri¬ 
cides (Mycobact. leprae). 


HYDROCARBONS 

^Tj_OH 

Cyclobutano ^ tetrameihylene, b.p. 11—12®, dj 0*7038, is 

obtained by the ring closure methods quoted above, and also by 
reducing cyclobutene with H 2 and Ni at 100®; at a higher temperature 
the ring is split and butane is formed. It has a feeble odour, and 
burns with a luminous flame. It is stable at ordinary temperatures 
towards Brg and cone. HI. When passed over alumina at 300—350® it 
is converted into erythrene (I, 116) {Ostromysslenski, C. 1916 II 307). 

Methyl-cyclobutane CHMc^ ^ 36—36*5®, from 1-iodo-l-methyl- 

002 ' 

cyclobutane with zinc dust and acetic acid; and from cyclobutane- 
aldehyde hydrazone (p. 37) with KOH (DemjanoVy J. pr. 93, 179; 
C. 1913 I 2027). 

l,2-l)imethyl-cyclobutane, b.p. 68—70®, is formed together with methyl- 
cyclopentane (p. 47) by the action of AICI 3 or AlBrg on cyclohexane, Ethyl- 
cyclobutanC) b.p. 70®, from the hydrazone of acetyl-cyclobutane with KOH. 

1.2- Difsopropyl-cyclobiitane, b.p. 157—168*5®, by catalytic reduction ol 

1.2- diisopropylidene-cyclobutaiie, b.p. 179—181®, obtained from 1,1-dimethyl- 
allene by prolonged heating in a sealed tube at 100—225®. Cyclobutyl-diphenyl- 
methane^ m.p. 39®, by reduction of cyclobutylidenc-diphenvlmethane, m.p. 58®. 
{Kishner, C. 1911 1*545; 1913 II 2132; Lebedev, 0. 19li II 1915; Zelinsky, 
Ber. 65, 1173). 

A substance known as di-asarone is also a cyclobutane derivative: 
l 52 -Dimethyl- 8 ,4-di-(2% 4', 5'-trimcthoxyphenyJ)-cyclobutane 

(MeO) 3 * CeHj* CH * CH • Me 
(MeO) 3 * CeHa* OH • CH • Me 

m.p. 102®. It is obtained from asaronc (vol. Ill) by HCl in EtOH or from 
asaryl dibromide with Zn-dust in dilute alcohol. In EtgO HCl-gas gives an 
isomer, m.p. 98® {Haraszti, Ann. 507, 201). 

Biacenaphthylene Ca 4 Hi 3 , cis m.p. 234®, trans m.p. 307®, is obtained from 
acenaphthene by the action of light. The spatial arrangement of the aromatic 
nuclei, relative to the plane of the cyclobutane ring, is different in the two 
isomers {Dzievonski, Ber. 45, 2491; 46, 1986): 



^10^6 ^10^6 ^10^6 


Cyclobutene • * •; , an easily liquified gas, b.p. 1*5—2®, dj 0*733, is 

CH 2 —CH 

formed, together with d‘-®-butadiene, by dry distillation of cyclobutyl- 
trimethyl-ammonium hydroxide {Willsta,Uer, Bor. 88, 1993; 40, 3985; 41, 
1486); also from w, a>'-dibromo- 2 -butylene BrCHaCH : CHCHaBr with zinc 
{Ostromysslenski ,C. 1916 II307). When heated it is converted completely into 
the isomeric erythrene (1, 116). It absorbs bromine to form 1,2-dlbromo-cyclo- 
butane, b.p. 69®/24 mm., m.p. — 2®, from which KOH removes one HBr, giving 
Qjj_CBr 

bromo-cyclobutene • * •• , an oil of pungent smell, b.p. 92®, which can 

CHa—CH 


3 * 
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be oxidised to succinic acid. Starting from bromocyclobutene Willstatter has 
prepared a number of cyclobutane bromo-substitution products. It combines, 
e.g., with HBr to give 1,1-dibromo-cyclobutane (1), b.p. 168®, and with bromine 
to give l^l^S-tribromo-cyclobutane (II), b.p. 109®/19 mm. Dihalogenated cyclo¬ 
butanes absorb more halogen in the presence of iron powder; the ring is 
opened and a totrahalogenated butane is formed ( Willstatter, Ber. 40, 3983). 

1,1,2-Tribromo-cyclobutane with alcoholic KOH gives 1,2-dibromo- 
cyclobutene (III), b.p. 156®, a compound with a strong tendency to poly¬ 
merise, and which is oxidised by KMnO^ to succinic acid. It gives with 
bromine 1 , 1 , 2 , 2 -tetrabronio-cyclobutane (IV), m.p. 126®, and with more 
bromine, first pentabromo-cyclobutanc C^H^gBrg, b.p. 176~178®/19 mm., and 
then hexabromocyclobutane C 4 H 2 Brg, m.p. 186*5® {Willstatter, Ber. 40, 3979). 
The latter compound crystallises very easily and can be obtained from 
diacetylene and bromine {Lespieau^ C. r. 180, 1347). 

(I) (II) (HI) (IV) 

—- ■. ■ ■ - - - —> 

CH,—CBr CHa—CBrj CH,—CBrj CHs—CBr CHa—CBrj 

I II —>■ I : - I i —>■ i " II -> I ' 

CH,—CH CHa— CHa CHa— CHBr CH,—CBr CH,—CBr, 


Methylene-cyclobutane, b.p. 40*(>—41*6®, from trimethyl-cyclobutylmethyl- 
ammonium hydroxide (Demjanov, Ber. 55, 2727), is also formed, together 
with methyl-cyclobutene, when penterythritol (I, 650) is treated with L’Brg 
and the resulting tetrabromide reduced with zinc dust {Filijiov, C. 1916 T 1057). 
It gives with HOCl a chlorohydrin, b.p. 148®, which forms cyclop* ntanone 
(p. 64) with PbO, by a ring enlargement reaction. 

Dimethyl - cyclobutyl - carbinol bromide yields on removal of HBr 

a hydrocarbon held to be dimethylmethylcuo-cyclobutane * ^ \ 

CH2 • CHg 

b.p. 100—102®. Reduction by HI results in ring enlargement and formation 
of 1,3-dimethyl-cyclopentane. 

CH«—CiCHo 

1,2-Dimethylenc-cyclobutane * • , b.p. 63—65®, is obtained by 

v^H.2—O I OHg 

heating allene slowly to 140® {Lebedev, C. 1914 11410); it gives an amorphous 
polymerisation product at 150®, and succinic acid on oxidation with KMn 04 . 

Methylene-eyclobuteno, pirylene, CgHg, b.p. 60", is formed in the Hofmann 
degradation of piperidine with KOH, through N-dimethyl-piperidine meth- 
iodide. That the compound has this constitution has been confirmed by the 
molecular refractivity (v. Braun, Ber. 61, 1092). 

/5-Phenyl-cyclobutene CioHio» m.p. 25®, is obtained from cinnamylidene- 
acetic or -malonic ester with BaO {Doehner, Bor. 40, 149). 


1,3-Diphcnyl-cyclobutadiene, CigHia, m.p. 130®, is a by-product in the 
preparation of dibenzyl-methane, together with phenylmethyl carbinol; it 
arises from the auto-condensation of the acetophenone used under the 
influence of NaNHj; it is also formed when acetophenone is heated for 
some time with NaOC 2 H 5 {Oastaldi, Gazz. 44 I 282). 


CYCLIC ALCOHOLS 

Cyclobutanol, C 4 H 2 OH, b.p. 123®, phenylurethane, m.p. 110—111®, is obtained 
from aminocyclobutane and nitrous acid, by electrolysing potassium cyclo- 
butane-carboxylate {Demjanov, Ber. 40,2594, 4962; 41,44) or by hydrolysing 
its ester with cyclobutane-carboxylic acid; the ester is formed by heating 
the silver salt of the acid with iodine on a water bath. It is oxidised to 
succinic acid by HNOg (id. C. 1911II1681). Cyclobutylamine, b.p. 80*6—82*6®, 
is prepared from the amide of cyclobutane-carboxylic acid (p. 38) and 
NaOCl (Boeseken, Bee. 87, 255), and also by electroWsis of aminocyclobutane- 
carboxylic acid in alcohol {^Demjanov, C 1930 I 3297). 
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EXOCYCLIC ALCOHOLS 

Cyclobutyl-carWnol, C 4 H,‘CH 20 H, b.p. 142®, is obtained by reducing the 
ester of cyclobutanecarboxylic acid with Na and EtOH, or as a by¬ 
product in reducing cyclobutane-dicarboxylic ester with the same agents, 
{Zelinsky, Ber. 46, 1093) ; it gives ^uccinic acid on oxidation with HNO3. 
Bromide b,p. 137—139® {Demjanov, Ber. 40, 4959). 

CHoCHCHoNHo n , , 

Cyclobutyl-methylamine • • , b.p. 110 ®, by reduction of 

CH2 * CH2 

(jyclobutyl cyanide, yields with nitrous acid a mixture of methylene- 
cyclobutane, cyclopentene, cyclobutyl-carbinol C 4 H 7 CH 2 OH and cyclo- 
pentanol CgHs-OH (id. C. 1903 I 828). 

Cyclobutyl-methylcarbinol C 4 H 7 *CH(OH)CH 3 , b.p. 144®, is obtained by 
reduction of cyclobutyl-methyl-ketone. 

Cyclobutyl-dimethylcarbinol and cyclobiityl-diethylcarbinol, b.p’s. 147® and 
188®, are formed by the action of Mg(CH 3 )I and of Mg(C 2 H 5 )I upon 
cyclobutyl-carboxylic ester. When heated with oxalic acid these alcohols 
undergo ring enlargement to give /d^-l, 2 -dimethyl-cyclopentene and diethyl- 
cyclopentene resp. Cyclobutyl-diphcnyl-carbinoL m.p. 54®, b.p. 198®/13 mm., 
from cyclobutanecarboxylic ester with CaHgMgl; bromide m.p. 94—95® 
{Kishner, C. 1905 II 761; 1908 II 1342; 1911 I 544; 1912 I 1002). 

l,l-l)imethylol-cyclobutane C 4 H 3 (CH 20 H )2 is a viscous oil with a pepper¬ 
mint odour, b.p. 145—147®/20 mm., obtained by reduction of the cor¬ 
responding dicarboxylic ester with Na -}- EtOH {Zelinsky, Ber. 46, 1093). 

J)i-(cyclobutyl-ethyl)-glycol, [C 4 H 20 (OH)C 2 H 6 ] 2 , m.p. 95®, is prepared by 
reduction of cyclobutylethylketone. 


ALDEHYDES 

Cyclobutaue aldehyde, C 4 H 7 CHO, b.p. 116-117®, is prepared from calcium 
cyclobutane-carboxylate and calcium formate {Perkin, J. 61, 238). 


CYCLIC KETONES 


CH2—CO 

Cyclobutanone I I , b.p. 99®, d{] 0*9548, is formed: 1) by the 
CHj—CHg 

action of bromine and alkali on a-bromo-cyclobiitane-carboxylic amide, 
2 ) on boiling I, l-dibromo-butane with lead oxide and water, 3) from 
keten and an excess of diazo-methane, instead of cyclopropanone, which 
would be expected and which is probably an intermediate {Stoermer, Ber. 64, 
2823; Li'p'p, Ann. 499, 20). It is also formed when cyclobutanol or cyelopropyl- 
carbinol is passed over hot alumina {Dqjarenko, C. 1926 II 2291). Semi- 
rarhazone, m.p. 201—202®. It is oxidised to succinic acid by HNO 3 {Kishner, 
C. 1908 I 123). 2,4-Dimethyl-cyclobutanone and 2,4-diothyl-cyclobutanone 
EtCH -CO 


I I , m.p. 115—120® and 160—165® resp. These formulae are 
CHj—CHEt 

attributed to substances obtained by distilling Ba salts of a, a'-dimethyl- 
glutaric and diethyl-glutaric acids {Jakoviev, C. 1897 II 342). 2,2,3- 

Trlphenyl-cyclobutanone, m.p. 135—136®, from diphenyl-keten and styrene, 
does not react with PCI5, K in benzene, or phenylhydrazine {Stavdinger, 
Helv. 7, 8 ). 


DIKETONES 

Dimerisation of ketens gives rise, in general, to the formation of 
cyclobutane-1,3-diones. 1,8-Cyclobutanedione = 1,3-diketotetramethylene 
CHa—CO 

I I , m.p. —7*9 to —7*5®, b.p. 125—126®, is prepared from keten itself 
CO CH 2 
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by dimerisation, from bromo-acetaldchyde by the action of NMeg (Kotz, 
J. pr. 108, 239), or by heating N-acetylphthalimide (vol. Ill) to its boiling 
point {Hurd, Dull, Am. 54, 2432). It is converted into aceto-acetic ester 
by a trace of H 2 SO 4 in EtOH solution, or by NaOCjHg. Bromine converts 
it into y-bromo-aceto-acetyl bromide, which with dry EtOH gives y-brorno- 
aceto-acetic ester. With NH 3 acetamide is formed {Chick, Wilsmore, J. 07, 
1978; Staudinger, Ber. 44, 535; 53, 1085; Schroeter, Ber. 49, 2097; 53, 1917; 
Dieckmann, Ber. 55, 3331). 

MeCH—CO 

l 93 -Dimethyl- 294 -cyclobutanedione | | , m.p. 138®, is obtained 

CO—CHMe 

from the corresponding carboxylic ester by boiling with baryta. The ester 
is hydrolysed and CO 2 lost {Schroeter, Ber. 49, 2733). Dirnerisation of 
methylketen CHgCHtCO furnishes an impure product, cf. p. 46 {Staudinge?, 
Ber, 44j 642). 

MegC CO 

J, 1,8,3-Tctrametliyl-2,4-cyclobutanedione ' | , m.p. 116®, is 

CJO—CMog 

obtained by the removal of HCl from isobutyryl chloride, by action of 
“molecular” silver on bromo-isobutyryl chloride, or by heating dimethyl- 
malonic anhydride to 100® in a sealed tube. In the two latter cases 
dimethylketen (I, 271) seems to be the intermediate, which readily 
polymerises to tetramethyl-2,4-cyclobutanedione. Its odour recalls both 
that of menthol and camphor and it also resembles those two substances 
in its volatility. Dioxime m.p. 281® {Stnudinger, Helv. 8 , 306; Ber. 39, 970. 
Wedekind, Ber. 89, 1631). For truxone see p. 46. 


EXOCYCIJC KETONES 


Cyclobutyl-methyl and cyclobutyl-ethyl ketones^ b.ps. 138® and 145® 
resp., are prepared from the carboxylic chloride with zinc alkyls {Perkin, 
J. 61, 36) or from the chloride or amide with Mg(CH 3 )I {Zelinsky, Ber. 41, 
2431; Kishner, C. 1913 II 2132). Dlcyclobutyl ketone/ (C 4 H,) 2 CO’ b.p. 205®, 
is made from the calcium salt of the carboxvlic acid. Benzoyl-cvclobutane 
CeHgCOCH—CHg—CHg 

\ CH 258® (PerK?!, J. 61, 36), from the chloride of 

cyclobutane-carboxylic acid (see bclon). 

192 -Dlbenzoyi-cyclobiitane, m.p. 121 - 122 ®, is obtained from 1 , 2 -dibenzoyl- 
cyclobutene, m.p. 96-97-6®, by catalytic reduction {Elhngboe, Am. 56, 1747). 

Diphenyl-dibcnzoyl-cyclobutanes, truxilhc and truxinic ketone.^. When 
benzylidene-acetophenone (vol. Ill) is exposed to light, two tetracyclu* 
dimers are formed, which can bo separated by means of EtOH or AcOH: 

Ph-CH-CH-CO-Ph 


I I 

Ph-CO-CH-CH-Ph 
‘‘truxillic ketone” 


m.p. 226—226® 


PhCHCH-COPh 

! 1 

PhCHCH-CO-Ph 
“truxinic ketone” 


m.p. 124® 


The former compound is converted into yet another isomer, m.p. 195® 
{Stebbe, J. pr. 123, 40, 64) by treatment with sodium acetate and acetic 
anhydride. For homologous truxinic and truxillic ketones see ib. and Stobbe, 
Ber. 59, 2264. 


CARBOXYLIC ACIDS 

Cydobutpo-carboxylic add, C^H^CO^H, m.p.- 6 ®, b.p. 195®, resembles the 
fatty acids in odour and is prepared from the l,l.dicarboxylic acid (see below). 
Reduction with HI splits the ring, giving n-valeric acid {Kishner, C. 1908 
II 1342). Ethyl ester, b.p. 160®. chloride, b.p. 142®, anhydride, b.p. 160®, amide 
m.p. 160-162®, nitrile, b.p. 160® {Freund, Ber. 21, 2692; Carpenter, Perkin 
J. 75, 921). - 
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2,8- and 2,4-(?) Diphenyl-cyclobiitane-1-carboxylic acids, distyrinic and 
distyranic acids, m.p. 147 and 176® reap., are obtained from cinnamic 
acid by boiling with 60% H 2 SO 4 {Stoermer, Ber. 66 , 1440). For 2,4-diphenyl- 
cyclobutanc-1-carboxylic acid see also p. 42. 

2c, 4t-D]p]ienyl-8<^-aniino-cyclobiitane-l<^-carboxylic acid, m.p. 196-196^ 
decomp, is obtained from p4ruxillamic acid (p. 41) wdth NaOCl-solution. 
Methylester, m.p. 83-6—84®. 2^, 3^-Dlpbenyl-4c-amino-cyclobutane-l c-car- 
boxylic acid, m.p. 161®, decomp., is obtained from P-truxinamic acid, m.p. 
127-128® {Stoermer, Ber. 60, 2576, 2687). 

Cyclobiitane-l,l-dicarboxylic acid melts at 156® and gives the mono- 
carboxylic acid. The ethyl ester, b.p. 224®, is obtained by method 5, p. 19. 
The nitrile-eMer, b.p. 214®, is prepared from tnmethylene bromide and 
sodio-cyanacetic ester {Kishner, C. 1905 II 761). With urea and its 
derivatives cyclobutyl-spiro-triketohexahydro-pyrimidines are formed {Dox, 
Am. 43, 677): 


/CH 2 . /CO-NH 
HoCC . 


\ch/ \ 


rONH 


€yclobutane-l,2-dicarboxylic acid cis occurs in two forms m.p. 91—98® 
and 139® resp. {Kuhn, Hclv. 11, 50, 70, 79, 600). It is prepared from the 
anhydride m.p. 77®, b.p. 271®, obtained from cyclobutane- 1 ,1,2,2-tetra- 
carboxylic acid by means of acetyl chloride. It is transformed into the 
trans acid, m.p. 131®, when heated with HCl to 190®. Bromination with Btg 
and P gives \,2-dthromo-cyclobutane-dicarhoxylic acid, the ester of which is 

CH2—CCOjH 

transformed, by treatment with EtOH and KI, into the ester of | || 

CHg—CCO 2 H 

/1^-rycIobutcnG-l,2-dicarboxylic acid, m.p. 178® decomp. This acid readily 
forms an anhydride {Perkin, Ber. 26, 2243; J. 65, 672, 960; Bode, Ber. 
67, 332). 

Cyclobutam»-l,3-dicarboxyIic acids, cis m.p. 156®, anhydride m.p. 61®, 
trans m.p. 171®, have been isolated from the products of the reaction of 
formaldehyde with malonic ester; they arc also obtained from the action 
of NaOEt on a-chloropropionic ester {Perkin, J. 73, 330). Simonsen 
(J. 93, 1777) has prepared the same acid by boiling /9-methoxy-methyl- 
malonic ester with cone. HCl. Two molecules of MeOH are split off; the tetra- 
carboxylic ester so formed is hydrolysed and 2 COg eliminated: 

CH3O—CHg—CH(C00R)2 CH2-C(C00R)2 

(ROOOjCH—CHj—OCH, (ROOGj^d:- (Ihj ’ ‘ 


1,1-Dimethyl-cyclobutane-2-carboxylic-4-acetic and -2,4-diearboxylic acids, 

pinic and norpinic acids 

HOOC-CH C(CH 3)2 


HOOC-CH -C(CH 3)2 




—CHCHgCOgH 


k,—d:: 


!HCO^ 


are products of the degradation of a-ptnene (p. 251). The 1,1-dimethyl- 
cyclobutane ring with carbon side chains in the 2- and 4-po8itions is called 
the piceane ring. Kerr (Am. 51, 614) succeeded in synthesising trans-norpinio 
acid, C 8 Hi 204 , m.p. 146®, in the following way: 


CN 

CH3V 2 CN • CH. • COOH CH3. /CH—CO. 

\CO - *-> >C< >NH 

CHo^ nh, ch/ ^CH—CO^ 
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CH3. -COv 

>C< >CH2 >nh 
CH>/ \C/--CO/ 


Hv .COOH 
CH 3 . X 

HOOC/^\h 


MoCH-CHCOOH 

2,3-Dimethyl-cyclobutanc-l,4-dicarboxylic acids I | . Two 

MeCHCHCOOH 

such acids result from the elimination of 2 CO 2 from 2,3-dimethyl-cyolobutane- 

l, 1,4,4-tetracarboxylic acid (p. 43). Cis acid m.p. 87—88®, cis anhydride 

m. p. 60-51®, trans acid m.p. 200-201.5® {Vogel, J. 1927, 1986). 
^^-2-(p-Hydroxy|»henyl-)cyclobutene-4-one-i-carboxylic acid, 

H0[4]C6H4C--C*C00H 

Hji—io 

m.p. 224®, has been prepared from phenol and aoetone-dicarboxylic acid, 
and from ^-(4-hydroxyphenyl-)glutaconic acid by elimination of water 
{Dixit, J. Univ. Bombay 4 (1935). 153). 

Diphenyl-cyclobiitanc-dicarhoxylic acids: Tnixillic acids (A) and 
Truxinic acids (J3). 


Ph.CH—CH-COOH 

Hoociii—in-ph 


Ph-OH—CHCOOH 


i—djH-CC 


History ,—In the late eighties of the last century two investigators, 0. Hesse 
(Ann. 271, 180) and Ltehermann (Ber. 22, 782), were independently engaged 
in the study of the bases which occur, together with cocaine, in the leaves 
of Erythroxylon coca, and of the acids obtained by decomposing these bases. 
Hesse discovered the cocatc and ff-cocaic acids, while Lieberrnann isolated 
two acids which he called y- and d-isatropic acids, assuming them to be 
isomeric with the known a- and ^-acids. The y-acid was found to be identical 
with Hesse's eocaic acid. Continuing his researches Lieberrnann found his 
two acids and two more isomers into which they could bo (jonverted to be 
dimeric cinnamic acids, and he introduced the names a-, /?-, y- and d-truxillic 
acids for the four compounds. The names are derived from Truxillo, the 
place where is found a variety of coca rich in y- and d-isatropic acids, i.e. 
a- aitd ^-truxillic acids. He found that the structures of the acids are those 
shown in (A) and (B) and showed that 11 stereoisomers are theoretically 
possible. Riiher found in 1902 (Ber. 35, 2908) that ordinary trans-oinnamic 
acid is transformed by light into a-truxillic acid, and Stdbbe found, in 1919, 
an analogous transformation of cis-allocinnamic acid into )9-truxillic acid! 
The configuration of nine isomers was established by the work oi Stoermer and 
his co-workers which was begun in 1910. Pive of the acids correspond to 
formula (A), the four others, for which he introduced the name “truxinic” 
have the formula (B). ’ 

The following general modes of formation of truxillic and truxinic acids 
are known: 

1 ) Polymerisation of cinnamic and allocinnamio acids by light {Riiher 

Ber. 86,2908; Ciamician, ib. 4129; Stobbe, ib. 62,666 ; 65, 2229; 68, 2416,2423* 
Stoermer, ib. 64, 80; de Jong, ib. 56, 463). ’ 

2) The oxidation of photodimeric derivatives, e.g. of cinnamal-malonic acid 
{Riiber, Ber. 85, 2144; Stobbe, Ber. 44, 870), cinnamabbenzyl eyanide {Stobbe, 
Ber. 46, 3396; 68, 86 ), a-methyl-cinnamal-acetic acid {Reimer, Am. 48, 210)! 

3) Ring synthesis of truxinic acids from 2,3-diphenyl-butane-l,l,4,4- 

tetracarboxylic ester by means of bromine (p. 44; Backer, Ber. 61, 643; 
J. pr. 120, 301). * 
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Truxillic acids. — The formulae I—V given below can be used to 
represent the configurations of the five stereo-isomeric truxillic 
acids. The four carbon atoms of the cyclobutane ring are not 
shown, but only the relative positions, above and below the plane 
of the ring, of the phenyl and carboxyl groups attached to them. 


COOH H 


1_^ 


W L < 

WH 

CeHs 1 COOH] 
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/I 
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Ti 
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H COOH 


H H 


H H 
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/] 

V 

7 

7 


H 



COOH 

H 


COOH 


H COOH 


I and IV represent trans acids in which the carboxyls occupy 
positions on opposite sides of the plane, the others are cis acids 
with the carboxyl groups on the same side. While the cis acids 
form anhydrides, imides and anils, the trans acids do not. The 
latter are transformed into the anhydrides of the cis acids by de¬ 
hydrating agents. Fusion with potash brings about the reverse 
transformation of cis into trans acids. For the determination of 
molecular weight, esters of the acids have been used in most cases. 
All five configurations of truxillic acids can be made to coincide 
with their mirror images and resolution into optical antimers is 
impossible. When, however, in I or II one of the carboxyls is con¬ 
verted into either CO’NHg or CO’NHPh the symmetry is destroyed. 
Stoermer (Ber. 56,1687, 1693) has succeeded in resolving these amido- 
acids and anilido-acids into optically active forms. Formulae III, 
IV and V represent meso forms which cannot be resolved. 

a-TruxUlic acid, Hesse^s cocaic acid (I) m.p. 274®, from trans cinnamic 
acid by the action of light, is reconverted into cinnamic acid by distillation 
at normal pressure. It has also been prepared by oxidising diphenyl- 
cyclohvtane-bismethylene-malonic acid with potassium permanganate {Riiber^ 
Ber. 36, 2411, 2908). The configuration is established by the formation of 
a truxone (p. 46). It is related to y-truxillic acid, the anhydride of which 
is formed by acetic anhydride, and also to e-truxillic acid, the product of 
fusion with potash. Aqueous hypochlorite gives with a-truxillamic acid the 
corresponding amino-acid, m.p. 280® decomp.; this with nitrosyl bromide 
furnishes, apart from 1,4-diphenyl-butadiene, a 3-benzoxyl-2-phenylcyclo- 
propane-l-carboxylic lactone, form II b (p. 27), a free isomeric acid, form. 
Ilia, and a-benzoxyl-)?-benzylidene-propionic acid m.p. 148—149®. a-Methyl 
ester m.p. 174®, oL-chloride m.p. 168® decomp.; d, l-oL-amic a^id m.p. 261®; d, l-a- 
anilic acid m.p. 236®, resolved by strychnine or brucine into d-oc and l-oL-anilic 
acids m.p. 206® {Stoermer, Ber. 68, 499; 66, 1687; 64, 2783). 

y-TruxUlic acid (II), m.p. 228®. The anhydride of this acid is formed 
when the a-acid is heated either alone or with acetic anhydride; y-methylester 
m.p. 127®; y-anhydride 191®; y-anil 194®; d, l-y-amic acid 248®, resolved vdth 
morphine into d-y- and l-y-amic acids m.p. 268—269®. Treatment with aqueous 
hypochlorite transforms the d,Z-y-amic acid into the corresponding amino- 
acid, m.p. 196—196® decomp. This, under the action of nitrosyl bromide, 
undergoes ring contraction, and gives a mixture of 3-benzoxyl-2-phenyl- 
cyclopropane-l-carboxylic lactones (p. 27). The d, l-y-anilic a>cid, m.p. 228®, 
can be resolved by cinchonine into d-y and l-y-anilic acids, also melting 
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at 228®. — Stoermer (Ber. 68, 2102) has recently carried out a step-by-step 
degradation of y-truxillic acid to 2,4-diphenyl-cyclobutano-l-carboxylic acid, 
m.p. 111®, by means of MeMgl. 

perl-Trai^lic acid (III), m.p. 266®, is obtained as an anhydride by heating 
the a-acid or from the y-anhydride at 300®; peri-methylester m.p. 104*6®; 
peri-anhydride m.p. 287®, peri-anilic acid m.p. 247®. opi-Truxillic acid (IV), 
m.p. 285®, is obtained from the peri-acid by boiling it with sodium hydroxide 
or by heating it with hydrochloric acid to 180®; epi-methylester m.p. 111—112® 
{Stoermer^ Ber. 57, 21). 

e-Truxillic acid {Hessp's fi-cocaic acid) (V), m.p. 102®, results from fusing 
any of the four other truxillic acids with potash: e-methylester m.p. 64®; e-imide 
m.p. 198®; e-anil m.p. 262®; e-amic acid m.p. 213®; e-dianilide m.p. 284®. 
The amic acid is degraded by hypochlorite to 2,i-diphenyl-3-amino-cyclo- 
hutane-1-carboxylic acid^ m.p. 188®. — The £-acid does not form a monomeric, 
but a vitreous polymeric anhydride {Stoermer^ Ber. 66, 1693; 67, 16, 21; 68, 
2716; 60, 2676; 68, 2117). 

Truxinic acids. —Six configurations are theoretically possible, I, II 
and IV representing cis acids, while III, V and VI are trans acids. 
I and II are ineso forms incapable of resolution. III, IV, V, VI arc 
racemic forms which can be resolved. Four are known, termed 
f- and neo-truxinic acids. 



H CeHs H CsHs H 


/5-Truxinic acid, Liehermann's p-truxillic acid^ (I), m.p. 209—210", occurs 
in coca leaves and is formed when the cis cinnamic acids are exposed to light 
{Stobhe^ Ber. 62, 666). It is converted into the d-acid by fusing it with potas¬ 
sium hydroxide and into the neo-acid by heating it with pyridine or with 
water. Acetic anhydride reconverts the neo-acid into the ^-acid. Oxidation 
with KMn 04 gives benzil. Its formula cannot be II because it fails to give 
a truxinone. ji-Methyl ester m.p. 76®; fi-anhydride m.p. 116®; p-chhride m.p. 
96®; P-anil m.p. 180®; p-imide m.p. 224-226"; p-amido-acid m.p. 194"; p-ani- 
lido-acid m.p. 197®. Though configurations I and II are meso forms, the 
mono esters, anilides and similar derivatives are racemic. Indeed, Stoermer 
has succeeded in preparing, from the )3-anhydride and Z-menthol, hydrogen 
l-menthyl d, P-truxinate, m.p. 208®, and hydrogen l-menthyl I, P-fruxinate, 
m.p. 149®. l-Menthyl d, P-truxin-methylanilate^ m.p. 108—109^ yields on care¬ 
ful hydrolysis the dextrorotatary I, p-truxin-l-methyUimlic acid, m.p. I (>7 -168®, 
which is ojitically active without containing the active i-menthyl residue 
{Stoermer, Ber. 69, 642). 

[d, Z]-d-Tnixinic acid, Liebermann\ S-truxillic acid (VI), m.p. 175®, is 
obtained by fusing the /5-acid with potassium hydroxide or heating it with 
cone, hydrochloric acid; also from the C-acid by heating it with pyridine, 
d, l-d-Methyl ester m.p. 77®; d, l-d-chloride m.p. 78®; d, l-d-amido-acid m.p. 
189®; d, l-6-anilido-acid m.p. 225^. With the aid of cinchonine, d-truxinic 
acid can be resolved into optical antimers: d, d-acid and I, d-acids, m.p. 
168—169®; I, d-methyl ester m.p. 46®. By reactions similar to those described 
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for the truxillic acids d, i-(5-truxinic acid is converted, through the amido- 
acid m.p. 189®, into the amino-acAdy m.p. 198®, which with nitrosyl bromide 
gives l,4-diphenyl»butadiene tetrabromidc, together with 3-benzoxyl-2~phenyl- 
cychpropane-l-carboxylic lactone (p. 27), form II b, the isomeric trans acid Ilia, 
and an unsaturated acid melting at 132®; the latter is thought to be impure 
oL-benzoxyl-p-benzylidene-propionic acid^ which is also obtained from a-truxillic 
acid and melts, when pure, at 148—149® (Stoermer^ Her. 55, 1872; 64, 2793). 

C-Truxinic acid, (IV), m.p. 239®, is obtained, as an anhydride, from the 
d-acid and from the neo-acid by acetic anhydride or by thionyl chloride 
{Stoermer^ Ber. 64, 2795). Heating with pyridine reconverts it into the d-acid. 
Synthetically, the methyl ester has been prepared from methyl 2,3-diphenyl- 
cyclobutane-l,l,4,4-tetracarboxylate (p. 44) {Backer, Ber. fo, 643; J. pr. 
120, 301). The C-acid is the only cis truxinic acid capable of resolution (by 
cinchonine), which establishes configuration IV beyond doubt, d- and Z-C- 
acids m.p. 220 ®; d, l-^-methyl ester m.p. 116®; d, C-methyl ester m.p. 106®; 
d,l-^-chloride m.p. 150®; I, -chloride m.p. 160®; d,l-C-anhydride m.p. 160®; Z, C- 
anhydride m.p. 162®; d,l-^-imide m.p. 168—168*5®; d- and l-^-imides m.p. 18()®. 

In accordance with configuration IV, the C-acid yields two series of mono 
derivatives distinguished as a- and b. The melting points arc: mono methyl 
esters C-ff 198®; C-b 201®; amic acids C-a 204®, C-b 226*5®; anilic acids C-a 214®, 
C-b 237®; mono methyl ester acylic chlorides C-b, a 120 ®; C-a. b 104*6®. 
The constitution of both series is proved by the formation of a C-semi- 
truxinone from the C-b-methylester-a-acid chloride with AIGI 3 {Stoermer, 
Ber. 58, 1164). 

neo-Truxlnic acid, (III), m.p. 209®, is found in small amount in the mixture 
of acids obtained by decomposition of the alkaloids accompanying cocaine. 
It is formed from the /ff-acid by heating with pyridine or dimethyl- 
aniline, or with water to 216—220® in a sealed tube. It is reconverted into 
the ^-acid by heating with acetic anhydride. It has been resolved by means 
of cinchonine. M.ps.: d- and l-neo-acids 236—237®; d, l-neo-methylester 127®; 
d-neo-methylester 100*6®; d, l-neo-acyl chloride 83—84®; d-neo chloride 103—104®. 
The neo-acid, because of its configuration, is capable of giving two series 
of mono derivatives, denoted by “b” if they relate to the isolated carboxyl 
in formula III and by “a” if they relate to the other one. M.ps.: primary 
methyl esters neo-a 139®, neo-b 234®; primary ethyl esters neo-a 163*6®, neo-b 
123®; amic acids neo-a 214®, neo-b 213®; am.ic methyl esters neo-a-b 213*6®, 
neo-b-a 153*6®; amic ethyl esters neo-a-b 139®, neo-b-a 142*5®. The constitution 
is established, as with the C-acid, by the conversion of the b-methylester- 
a-chloride into neo-semitruxinonic methvl ester (see below) {Stoermer, Ber. 
55, 1874; 64, 2800). 

l-Cyano-cyclobutaiie-l,2-dlcarboxylic ethyl ester, b.p. 162-154®, is obtained 
from a, a'-dibromo-adipic ester wiih NaCN. Hydrolysis gives a tricarboxylic 
acid, which loses COg on heating, yielding a mixture of cis and trans 1 , 2 - 
dicarboxylic acids, m.ps. 91—98® and 130® {Kuhn, Helv. 11, 600; Fuson, 
Am. 51,“ 1536). 

€yclobutanc-],2,3-{ricarboxylic acid, cis m.p. 141-143®, is prepared from 
cyclobutane- 1 ,1,2,3,3-pentacarboxylic acid (see below) by heating to 190®. The 
trans acid, m.p. 168—170®, is obtained from the cis by heating with cone. HCI 
{Goldsworthy, J. 105, 2639). Cyclobutane-l,l,2,2-tetracarboxylic acid passes 
at its m.p., 146—160®, into the 1,2-dicarboxylic acid. The esters are obtained 
by method 6 , p. 20 . 

2,6-l)imethyl-cyclobutane-l,l,4,4-tetracarboxylic acid, m.p. 138-139®, is 
obtained from ethylidene-malonic ester, which is reduced by moist alu¬ 
minium amalgam to 2,3-dimethylbutane-l,l,4,4-tetracxirboxyhc ethyl ester b.p. 
225—226®/16 mm. The Na-compound of this ester, when treated with bromine, 
gives 2,3-dimethyl-cyclobutane-2,l,4,4-tetracarboxylic ethyl ester, b.p. 208—210®/ 
16 mm., from which the free acid is prepared; this by loss of 2 CO 2 , 
yields two stereoisomeric 2,3-dimethyl-cyclobutane-l,4-dicarboxylic acids 
(p. 40) {Vogel, J. 1927, 1986): 
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2CH3CH = C.(C00R)2 

;f(aOCB % 


AiHg CH3 -CH.CH(COOR)j 
CH3-C!H CH(C00R), 


CH3CH-CNa{COOR)j ajjr CHsCH-CICOOR)^ 

CH3<!!H-CNa(COOR)j ^ CH3(1 h-C(C00R)s ’ 
2,B-I)iphenyl-cyclobutane-149494-tetracarboxylic methyl ester, m.p. 148®, 
is prepared by a method similar to that given for the preceding ethyl ester. 
Benzylidene-malonic dimethyl ester is reduced with aluminium amalgam 
to 2y3-diphenyl-hiJitane‘l,lA->4-tetracarboxylic methyl ester. Two isomers, 
melting at 163—164® and 167® resp. are obtained. The Na-compound of the 
lower melting ester gives with bromine 2,3-diphenyl-cyclobutane-lJ,4,4- 
tetracarboxylic methyl ester, and this by partial hydrolysis gives the dimethyl- 
ester acid m.p. 203-206® {Bacher, Ber. 61, 543). 

Cyclobutane-l,2,2,8-tetracarboxylic ethyl ester, m.p. 175®, b.p. 195-198®/ 
12 mm. is obtained together with brorao-cyclopropane-dicarboxylic ester from 
Na-malonic ester and a,a'-dibromo-gIutaric ester (Ing, J . 1925, 2387). Cyclobut- 
ane-l,l,2,2,8-pentacarboxy]ic acid is a viscous liquid obtained by hydro¬ 
lysis of its penta-ethylester; the latter, b.p. 230®/20 mm., is prepared from 
ethane-tetracarboxyhc ethyl ester and a,jff-dibromo-propionic ethyl ester 
with Na {Goldsworthy, J. 106, 2639). 


CTCLOBUTANE FATTY ACIDS 

Cyclobutylmethyl-alkylmalonic and Cyclobutylmethyl-alkylacetic acids. 
G 4 H 7 CH 2 CAlk(COOH)a and C 4 H 7 CH 2 CHAlkCOOH. The malonic esters are 
obtained by condensating cyclobutyl-methylbromide (see above) with alkyl- 
Na-malonic esters. The n-octyl acid and the higher members up to the 
n-dodecyl acid attack Mycobact. leprae, cf. cyclopentane-carboxylic acids. 

Cyclobutane-l,2-diol-1,2-diacrylic dilactonc, anemonm, has been shown 
to be the active principle of the oil from Ranunculus japomca. The 
reactions which establish its constitution will bo found on p. 479. 

Cyclobutane-2,4-dicarboxylic-l,8-diacctic acid CioHjaOg is known in five 
isomeric forms, corresponding to the truxillic acids. 


y ^ 


a m.p. 234® 


fi m.p. 198^ 

X - .COOH 


y 

y m.p. 186^ 


X 

S m.p. 207^ 


e m.p. 223^ 


•CHo-COOH 


Ingold, Perren and Thorpe (J. 121, 1765) have prepared them by condensing 
2 molfl. of a-carboxy-gluta conic triethyl ester by means of piperidine. As 
intermediates, two isomeric cyclobutanc-2,2,4,4-tetraearboxylic-l,3-diacetic 
acids are formed. 


y a. y X 

X X y 

a m.p. 103^ p m.p. 37® 

2 (CjHgOOC)*; HC—CH-CH.COOCoHfi 

(CaHgOOCla: C—CH=CH • COOC^Hg 

CjHjOOC • CH, • diH—CH(COOC,H,), 
(CjHsOOC),: C— CH. CH,. COOC,H, 

C,H,0'0C.CH,. iH-J : (COOC^Hs), 
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KETO-ACIDS 

2,2-Dimethyl-cyclobutanone-(4)-l,3-dlcarboxylic acid, keto-norpinic acid, 
CgHioOg, has been synthesised by Ouha (Current Sci. 2, 52) in a way similar 
to that used by him in preparing norpinic acid (p. 263). a,a'-I)icyano- 
/?,j^-dimethyl-glutarimide was treated with COBrg. The reaction can be 
represented as: 


C/^ 

I 

Cr 




I 

CN 


.CO 


H^fOQH 

'CO hydrolysis yC. 

yNH yo 

-ZCOz ^^3 

h''"cooh 


-co"^ 


Another synthesis carried out by Guha (ibid.), is based on the condensation 
of Na-acetone-dicarboxylic ester with chloro-acctol. 

],3-Dimctbyl-cyclobutane-2,4-dione-l-carboxylic methyl ester, m.p. 156 
—is obtained from symm. dimethylacetone-dicarboxylic methyl 
ester with cone, sulphuric acid. It behaves as a monobasic acid and is 
soluble in carbonate solution. Ethyl ester m.p. 133—135®. An analogous 
compound is: l,3-l)iethyl-cyclobutane-2,4-dione-l-carboxylic ethyl ester 
m.]). 101-6—102*6®. Both esters give the corresponding diketones when 
heat(‘d with aqueous baryta: l,3-dimethyl-cyclobiitaiie-2,4-dione, m.p. 138®, 
and diethyl-cyclobiitanediono, m.p. 76—78® (6fcAroe<cr, Ber. 40, 1604; 49, 2697; 
Staudinger, Ber. 60, 1016). 

1,3-I)iethylcyclobutane-2,4-dioiie-l,3-diearboxylic ester 


EtOCO-C 

I 

Et 


Et 

:o—i—Cl 


lOOKt 




b.p. about 113—116®/“0”mm. This constitution is assigned to the dimeric 
ethyl-kctcn-carboxylic ester which can be obtained from bromo-ethyl-malonic 
ester chloride and zinc, or by the decomposition of propionyl-diazo-acetic 
ester. When distilled at ordinary pressure the compound depolymerises and 
the keten is regerated. With aniline the ring is broken and ethyl-raalonic 
anilido-ester is formed {Chicky J, 97, 1978; Staudinger, Ber. 42, 4908; 
Schroeter, ib. 49, 2697). 

Diacetyl-cyclobutane-dicarboxylic ester is obtained by method 6, p. 20 
{Perkin, Ber. 19, 2048). 

HOOCCOCH-OHa 

Cyclobutane-1,3-dlglyoxyllc acid, I | , m.p. 

CHaCHa-CO-COOH 

240®, is formed in the condensation of pyruvic acid and paraformaldehyde 
by cone, sulphuric acid. Hot alkali decomposes it into ethylene and oxalic 
acid. Hot cone, sulphuric acid converts in into a dilactone {Kaltwdsser, 
Ber. 29, 2273). 

Alkylated cyclobutanone-trlcarboxyllc esters such as 

CO—CHCOOR CO—C^Me CO—C^Et 

I I Mo II COOR 1 ! COOR 

ROOCCH—ROOCCH—C^Me ROOCCH—C^Me 

COOR ^COOR 


are obtained by condensing sodio-malonic ester, or its methyl or ethyl deri¬ 
vatives, with citraconic ester in EtOH. The first product is presumably 
an open-chain tetracarboxylic ester which then undergoes cyclic acoto- 
acetic ester condensation (p. 19). Hydrolysis with hydrochloric acid removes 
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two carbethoxy groups from these compounds and cyclobutane- 1 -oiie- 8 - 
carboxylic acids are formed {Michael^ Ber. 88 , 3761): 

CO -CHa CO -CHMe CO—CHKt 

fijf pTj j^,^-Me ^Me 

^COOH -COOH ^COOH 


By the loss of one or two molecules of water certain truxillic and truxinic 
acids become truxonic acids, truxonoa, and semi-truxinonic acids. The 
reaction is effected by AICI 3 acting upon the anhydrides or the chlorides of 
the acids, or on their Me-ester-chlorides. It sheds light upon the configuration 
of these acids because it only takes place when the reacting groups are adjacent 
and on the same side of the plane of the cyclobutane ring, whereby a new 
ring containing the group —C 6 H 4 *CO— is formed. Hence e-truxillic and 
P- and d-truxinic acids fail to give it. 

Ph-CH—CH-CO 


a-Truxonic acid, I I I » m.p. 216®; for its configuration 

HOOC.CH—CH.CeH 4 

see a-truxillic acid. y-Truxonic acid, rn.p. J62®; peri-triixonic acid, m.p. 
221—224®, obtained from peri-truxillic anhydride with AlCI,; epi-truxonic 
acid, m.p. 160®. 

Ph.CH--CH—O 6 H 4 

C-Semi-truxinoiiic acid, I I I » ^58®; for the con- 

HOOCCH—CH—CO 

figuration see C-truxinic acid; noo-semitruxinonic acid, m.p. 221 ®, gives 
trans-cinnamio acid on dry distillation; Me-ester m.p. 124® iStoermer, Ber. 
08 , 1177; 64, 2802; 68 , 2129). 

OeH 4 —CH—CH—CO 

a- or trans-Truxono, ’ 1 I I » m.p. 294-295®, (for its con- 

CO —CH—CH— 4 H 4 

figuration see a-truxillic acid) has been prepared from a-tnixillic acid and from 
allocinnamic/ acid with fuming sulphuric acid, also from a-truxillic chloride 
with AICI 3 . The dimethylother of the dioxime melts at 214®. The formation of 
this truxone furnishes evidence for the configuration of a-truxillic acid. — 


CeH 4 —CH—CH—CHs 

Reduction with zinc and HCl gives truxane | III (bis- 

CHg CM—CH—CeH4 

C6H4 —CH—CH—CHOH 

indene), m.p. 116®, and truxane-diol, m.p. 132®, 1 III 

CHOH—CH—djH—CeH 4 

{Brass, Ber. 69, 1278; Stobbe, Ber. 60, 467). 


Peri- or cis-Truxone, m.p. 194®, from peri-truxillic acid chloride with 
AICI 3 . Mono-Ph~hydrazone m.p. 217® {Stoermer, Ber. 68 , 2124). 

a-Diphenyltnixone, m.p. 263®, and y-Diphenyltnixono, m.p. 224®, are 
formed when ^-phenyl-cinnarnic acid and ^-hydroxy-p-phcnyl-hydrocinnamic 
acid are treated with fuming sulphuric acid {Stoermer, Ber. 52, 1266). 


3. CYCLOPENTANE GROUP 

Many more compound^ are known which contain five carbon 
atoms in a ring than three or four. Some are derivatives of cyclo¬ 
pentane and others of cyclopentene. Cyclopentadiene occurs in the 
low boiling fractions of crude benzene from coal tar. Cyclopentanes 
have been obtained, together with cyclohexanes, from the naph¬ 
thenes of Caucasian petroleum. Among natural derivatives of cyclo- 
pentanone jaamme, the odoriferous principle of jasmine, may be 
mentioned. It is closely related to pyrethrohne, the alcoholic com¬ 
ponent of the pyrethrin 'insecticides. Derivatives of cyclopentan- 
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olones are: purpurogaUirif occurring in nature as a glucoside dryo- 
phanthin, humulic, dihydro-humulic and iso-humulic acids, which 
are transformation products of humulone and lupulone, the bitter 
principles of hop, and a transformation product of natural vulpinic 
acid. The naphthenic acids from petroleum consist partly of alkylated 
cyclopentane i’atty acids. Hydnocxirpic and chaulmoogric oA^ids, 
which are important specifics against tuberculosis and leprosy, are 
natural cyclopentenyl fatty acids with long side chains. Camphor, 
which is readily converted into aromatic substances and contains 
a five-membercd carbon ring termed the c/imphoceane ring, gives 
rise to many cyclopentane derivatives, such as camphorphorone, 
camphoric, campholenic and campholytic acids. Camphor and its 
cyclic transformation products, will, however, be discussed with 
the hydroaromatic compounds and the terpenes. 

Cyclopentanc and its derivatives can be obtained by the 
general methods of ring-synthesis described on p. 18. Cyclohexanes, 
when heated either by themselves, or with HI under pressure, 
or with moist AK^lg, are partially transformed into isomeric cyclo¬ 
pentane compounds (Aschnn, Ann. 324, 1 ; Nenitzesen, Ber. 66 , 1099), 
and six-ring ortho-diketones can undergo intramolecular rearrange¬ 
ment to pentacarbocyclic ketones, cf. chloro-cyclopentanedione. This 
reacition will be met again when considering the degradation of 
aromatic substances. Similarly, some remarkable cyclopentane 
derivatives have been obtained from hexahydroxybenzene, viz. 
croconic and leuconic acids, which will be discussed in connection 
with hexahj’^droxybenzene. 

HYDROCARBONS 

Cyclopentane, pentamethylene, R-penlene, CH 2 <f | , m.p. —93 

^CHa—CHg 

to —94®, b.p. 50®, is obtained by reduction of cyclopentyl iodide or of cyclo- 
pentadiene (p. 60). Catalytic hydrogenation of cyclopentane with Pt-carbon 
at 300® leads to ring fission and gives n-pentano, b.p. 36—87® {Zelinsky, Ber. 
66 , 478, 1419; 68, 1869). 

Homologous cyclopentaiies are available in general by the interaction 
of cyclopentanoncs with Orignard compounds, followed by removal of water 
and hydrogenation of the oyclopentenes thus formed (id. ib. 66, 1422). 

Methylcyelopentaiie, m.p. —ill®, b.p. 70®, occurs in the so-called hexa- 
naphthene from Caucasian petroleum and in crude Oklahoma petroleum, 
in the latter to the extent of about 0*2% {Aschan, Ber. 31, 1803; Hicks- 
Bruun, Bureau of Standards J. 7 [1931], 799). It is prepared synthetically 
from 1,6-dibromohexane, from methyl-cyclopentanone and from tert. methyl- 
cyclopentanol (p. 62), and is also formed, with ring contraction, when 
AICI3 or AlBrg act upon cyclohexane until equilibrium is attained {Aschan, 
Ann., 324, 1; Zelinsky, Ber. 66,1173; Nenitzescu, Ber. 66, 1099 ; 69, 1040). 
Its action with AcCl+AlClg is mentioned on p. 60. For isopropyl-, sec. 
butyl-, isoamyl-cyclopentane see Kazansky, Ber. 69, 964, 1862. 

1,2-Dimethyl-cyclopeiitane, b.p. 94—98®, two stereoisomers, by catalytic 
hydrogenation of 1,2-dimethyl-cyclopentene (see below) {Bysselherge, Ac. Belg. 
(6) 12 (1926), 171). l,3-l)imethyl-cyclopentane, b.p. 90-7®, from the cor¬ 
responding ketone, and by hydrogenation of 1,3-dimethyl-cyclopentene, 
p. 49. The iodide of 1,3-dimethyl-cyclopcntane-l-ol (p. 62) is reduced 
to an optically active 1,3-dimethyl-cyclopentane, b.p. 91®, [a]© +1*78®. It is 
oxidised when exposed to the air in diffused light, probably with the formation 
of a peroxide C 7 H 14 O 2 . A dimethyl-cyclopentane in which the position of 
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the methyl groups is not known has been found in Borneo petroleum 
{Chavanne, Belg. 81, 331; 36 (1927), 206). 

1-Methyl-2-ethyl-cyclopentaiie, cis b.p. 128®, trans b.p. 121 * 6 ® is obtained 
from 2 -ethylcyclopentanone through l-methyl- 2 -et)iyl-cyclopentane-l-ol 
(p. 62) -> l-methyl- 2 -ethyl-.d^-cyclopcntene, thence by hydrogenating with Pt 
in glacial acetic acid {Chiurdoglu, Ac. Bclg. 17 (1932), 1404), and from 
l-methyl-2-acetyl-cyclopentane (p. 60) by GlernimnserCs method {NeniizescUy 
Bull. 3 (1936), 2209). Optically active form [a]D + 4*34® {Zelinsky^ Ber. 85, 
2678). l-Metliyl-3-isopropyl-cyclopentane, b.p. 140—142*6®/766 mm., from the 
hydrazone of camphorphorone (p. 306) with KOH {Zelinsky, Ber. 62, 2206). 
1,1-Diethyl-cyclopentane, b.jj. 151*6®, from 1 , 1 -diethyl-cyclopentenc (p. 49) 
by hydrogenation wdth the Zn-Cu couple {Kishner, C. 1912 I 1002). IVo 
isomeric l,2-dieth}l-cyclopentanes, b.ps. 147*6 and 163*6®, are obtained 
from ethylcyclopontanonc with EtMgBr through 1,2-diethylcyclopentanol-l, 
b.p. 82®/18 mm., and 1,2-diethyl-A^-cyclopentene, b.p. 149® {Chiurdoglu, Ac. Bclg. 
17 (1932), 1404; Belg. 42 (1933), 247). 1 ,2-Dimethyl-3-isopropyl-cy cl opentano, 
b.p. 169—161®/758 mm., from dihydrocamphorphorone by treatment with 
MeMgl and subsequent reduction of the tertiary alcohol (p. 52) with Ni 
at 160® {Zelinsky, Ber. 62, 2205). n-Hexyl-cyclopentane, C11H22’ b.p. 204-206®, 
from cyclopentanone and n-licxyl-magnesium bromide through n-hexyl- 
cyclopentene, CnHgo, b.p. 204—205®. n-Octyl-cyclopentane, C 13 H 28 , b.p. 
133—134®, from cyclopentanone and n-octyl-MgCl through n-octyl-cyclopentene, 
C 13 H 24 {Zelinsky, Ber. 66 , 1422). Other alkyl-substituted cyelopentanes : 
Eisenlohr, C. 1926 I 75; Hams, Am. 51, 2591. 

Phenyl-cyclopentane, CgHg^CgHg, b.p. 213-215®, from m-Ph-n-amyl 
chloride with AICI 3 {v. Bmun, Bor. 45, 1267; Stoermer, ib. 60, 2557). 1,2-Di¬ 
phenyl-cyclopentane, m.p. 47®, and 1,2,3,4-tetraphenyl-cyclopentane from 
an hydroacetone- and anhydrodibenzylketonc-benzil {Japp, Michie, J. 79, 
1010; Henderson, ib. 79, 1256). 1,2,3,4-Tetraphenyl-cyclopentane, m.p. 81®, 
from the corresponding cyclopentene by reduction with HI and P {Newman, 
Ann. 302, 231). Triphenyl methyl-cyclopentane and Triphenyhlimethyl-cyclo- 
pentane from the corresponding cyclic pinacols {Abell, J. 83, 360, 367). 
l-Phenyl-2-cyclopentyl- and l-cyclohexyl-2-cyclopentyl-alkanes: Denis- 
senko, Ber. 69, 2183. 

Bromocyclopentane, b.p. 56®/46 mm, from eyelopentanol {Yohe, Adams, 
Am. 50, 1603). 1,2-Dibromo-cyclopentane, b.p. 71*5®/12 mm., by bromi- 
nation of cyclopentene {Zelinsky, Ber. 66 , 477). 1,2-Diphenyl-3,4-dibromo- 
cyclopentane, m.p. 119®, Irom l,2-di-Ph-id®-cyclopentene (p. 50) by addition 
of bromine {Kishner, C. 1916 II 318). 

Nitrocyclopentane, b.p. 90—91®/40 mm., df® 1*078, can be prepared from 
cyclopentane with A^NOa)^ at 1 10 ® in a sealed tube. 1,1- and 1,2-Methyl- 
nitrocyclopentanes, b.pp. 91 and 98—99®/40 mm. {Nametkin, C. 1912 I 1702). 

Amhiocyclopentane, b.p. 106®, is formed in the reduction of cyclopentanone 
oxime; similarly y3-Methyl-cyclopentyl amine, b.p. 124-125® {Sabatier, C. r. 
158, 986). 

nw—CH2 

1 , b.p. 44*1—44*6®, is obtained from cyclo- 

a-CH* 

pentanol (p. 61) by the action of dehydrating agents such as KHSO4 
{Oodchot, C. r. 152, 881), oxalic acid {Fihpov, C. 1916 I 1057), anhydrous 
oxalic acid {Zelinsky, Ber. 66 , 477), or P 2 O 5 {Auwers, Ann. 415, 98); or from 
halogeno-cyclopentanes with CaO or BaClg at 300-400® in a vacuum 
<Germ.Pat. 266,638). It yields an ozonide CgHgOg, which is decomposed by 
water with the formation of glutaric dialdehyde {Fischer, Ber. 65, 1471). 
Addition of Ph-azide: Alder, Ann. 501, 8 . 

J®-Cyclopentenyl chloride, b.p. 26-31®/30 mm., is obtained from cyclo- 
pentadiene with HCl at —20® {NoUer, Adams, Am. 48, 2444). Perchloro- 
cyclopenteno C5CI8 m.p. 41® b.p. 283®, is made from hexachloro-cyclopentenone 
(p. 68 ) with PCI 5 {Zincke, Ber. 23, 2214) or from xanthogallol (p. 69) with 
PClj in a sealed tube {Hantzsch, Ann. 488, 203). 


Cyclopentene CH<f 

\CH 
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.CH.CHCH3 

J^-Methyl-cyclopentene, CH<^ | , b.p. (57®, + 77*9®, has 

CH2*0H2 

been prepared by Semmler (Ber. 26, 775) from 3-methyl-cyclopentanol by 
means of zinc chloride or oxalic acid; /l®-methyIcyclopentene is a by-product, 
b.p. 76—76®. It is also obtained from the iodide by KOH. The oxidation to a- 
methyl-glutaric acid and the optical activity are evidence for the formula 
allotted to it {Zelinsky, Ber. 35, 2491; Oodchot, C. r. 200, 1599). An isomer 
CH2—CH2. 

of methyl-cyclopentene is | >C=CH2, methylene - cyclopentane, 

CH2—CH2/ 

b.p. 78—81®, a liquid with a penetrating smell of garlic. It is prepared by the 
removal of CO2 from cyelopenttme acetic acid (p. 65) and is also formed, 
together with cyclopcntaiione (p. 64), when calcium cyclopentane-diacetate 
is distilled {Kon, J. 119, 810). Nitrosochloride, m.p. 81®. On oxidation with 
KMn04 it gives a glycol, m.p. 40®, and cyclopentanone ( Wallach, Ann. 347, 326). 

CH2-=C-CHgv 

l-Methyl-3-mcthylenc-cyclopentane I ^CH—CH3 has been 

CH2—CH./ 

prepared in a similar way from methyl-cyclopentene-acetic acid. It is 
converted into 1,3-methylcycloj)cntanone on oxidation {Zelinsky, Ber. 34,3950; 
Tiiry, Bull. 27 (1902), 302). It is optically active like methylcyclopentenc; 
the rotation of the optically active unsaturated five-ring hydrocarbons is 
mu(;h larger than that of the corresponding saturated hydrocarbons. Ethyli- 
CHg—CHgv 

dcnc-cyclopentane, ' pCrCHCHa , b.p. 114®, and isopropylidene- 

CHo—CIL/ 

CH2—CHg. .CH3 

cyclopcntanc, | ^C:C<; , b.p. 136®, are formed from cyclo- 

CH2—CH./ 

pentene-isobutync acid by a shift of the double bond. Alcoholic H2SO4 brings 
about isomeric change into zl^-isopropyl-cyclopentene (see below) {Wallach, 
Ann. 363, 307). l-Methyl-2-ethyIidene-cyclopentane, b.p. 123—124®, is obtained 
from methyl-(mcthylcyclopentyl-)carbinol with KOH {Godchot, C. r. 200,1599). 

l,2-I)imetliyl-cyclopentcncs. A mixture of a little A^, b.p. 106®, and 
much A^, b.p. 96-97®, is formed in the dehydration of 1,2-dimcthyl-cyclo- 
pentane-l-ol (p. 52) with p-tolucne-sulphonic acid {Chavanne, Ac. Belg. 
12 (1926), 105; van Eysselherge, ib. 171), A mixture of the corresponding 
l,3-l)imcthyl-cyclopcntenes is obtained similarly. The zl^-form nas been 
found in resin oil and has been prepared from cyclobutyl-dirnethyl-carbinol, 
C4H9*C(0H)(CH3)2, by heating it with oxalic acid, a reaction which involves 
enlargement of the ring {Kishner, C. 1912 1 1002). 

1-Ethyl -/I '-cyclopentene, b.p. 107®, is prepared from 1-ethyl-cyclopentanol 
(p. 52) by passing it over AI2O3 at 300® {Chavanne, Belg. 36, 591). 

1-Methyl-2-cthyl-cyclopentene, b.p. 127®, is obtained from 1-methyl- 
2-ethyl-cyclopentane-l-ol (p. 52) by heating with oxalic acid. The product 
is possibly a mixture of isomers {Chiurdoglu, Ac. Belg. 17, 1404). 

zl'-Isopropyl-cyclopentene, b.p. 131—133® (see above), also from 1,1-iso- 
propyl-cyclopentanol {Meerwein, Ann. 405, 129). n-Hexyl-cyclopentene 
and n-Octyl-cyclopentene see p. 48. 

1,1-Diethyl-zd^-cyclopentenc, b.p. 143»5-144«5®, is obtained from the iodide 
of cyclopentyl-diethyl-carbinol with alcoholic KOH. 1,2-I)lethyl-J'-cyclo¬ 
pentene, b.p. 151—152®, is prepared by similar methods as for the dimethyl 
compound {Kishner, C. 1912 I 1002). 

For other alkylated cyclopentenes see Eisenlohr, C. 1926 I 75; Kasansky, 
Ber. 62, 2206; Eichter, Ber. 64, 876. 

S-Phenyl-id'-oyclopentene^ CnHi*, m.p. 16—16®, b.p. 92—93®/13 mm., has 
been obtained synthetically from cyclopentyl chloride and PhMgBr {i\ Braun, 

Blchter-Anschtttz ii. 4 
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Ber. 60, 2661). l,2-Dlphenyl-^®-cyclopentene, m.p. 16-16®, b.p. 321*6®/ 
747 mm. is prepared by heating the pyrazoline base, Ci 7 HigN 2 , obtained 
from dibenzylidene-acetone and hydrazine. It is oxidised by KMnOg to 
benzoic acid and to the maleinoid form of a, jS-di-Ph-glutaric acid {Kishner, 
C. 1916 II 318). 


H 

CHj 

W 


CHj 


2-l8opropyl-3-methyl-4-methylene-zl^-cyclopentcnc, chamene, 
CioHj6 » b.p. 86—88®/60 mm., hydrochloride b.p. 80—90®, occurs 
in the essential oil from Chamaecyparis ohtusa leaves 
{Chavanne^ Belg. 36 (1928), 691; Kafuku, Bull. Chem. 
Japan 6 (1931), 40, 94). 

Cyclopentyl-propino and homologucs have been prepared by Oredy, C. r. 
199, 1129, and alkylenated ^^-cyclopentenes by Urion, Ann. chim. 1 (1934), 6. 

CH=CH\ ^ 

Cyclopentadienc, pentol (see Nietzku Ber. 22, 916), » 


b.p, 41®, occurs in the first runnings during the distillation of crude benzene 
from coal tar, from which it is produced industrially {Horclois^ Ch. et Ind. 
31, spec. No. 4b (1934), 367). It has been synthesised by Zelinsky (Ber. 
62, 2866; 66, 477) from cyclopentanone by the following route: 




uxalic acid 
—HaO 


-^ dlbromlde 

/ Na-acc<ate 



It is a colourless liquid, violently attacked by alkali as well as by acids, 
reducing ammoniacal silver solution and rapidly dimensing at ordinary 
temperature into two dimolecnlftr cyclopenkid^enes, b.p. 88®/fe mm., m.ps. 
a-form 32®, ^-form 19®. Both give on reduction dihydro-dicyclopentadienc, 
m.p. 61®, and tetrahydro-dicyclopentadieno (cf. ring systems with bridge 
members p. 188). Their distillation, b.p. 170®, results m a partial regeneration 
of cyclopentadiene {Stavdinger, Helv. 7,23), a reaction which can be regarded 
as a reversed diene synthesis {Wassermanri^ Nature 13H, 368). The dicyclo- 
pentadienes are much more stable than the monomolecalar compound. They 
are reminiscent of terpenes in their general behaviour, as If ieland (Ber. 39, 
1492) and Rule (J. 89, 1339) have pointed out. When heated under pressure 
cyclopentadiene as well as the dicylopentadienes give higher polymers, viz. 
tricyclopentadiene, m.p. 60®, ietra-cychpentadiene, m.p. 190®, and still higher 
polymers, from which the monomolecular cy(;lo])entadiene can be partially 
regenerated {Stobhe, Ann. 391, 151; 446, 13; Alder, ib. 496, 204; 604, 216; 
cf. bridged ring systems p. 188). Bis-mtrosochloride of dicyclopentadiene, 
m.p. 47® {Wieland, Ann. 466, 13). Dicyclopentadiene combines spontaneously 
with atmospheric oxygen to form a di-peroxide {Stobbe, Ber. 62, 1436). 
For the addition of Ph-azide to a-(hcyclopentadiene see Alder, Ann. 601, 12; 
and for diene syntheses with the aid of cyclopentadiene see Diels, Alder, 
Ann. 460, 111; 478, 141; 486, 202; Ber. 62, 2360. 

The H-atoms in the CHg-group of cyclopentadiene are characterised by 
a reactivity similar to those in the group • CO • CHg • CO •, cf. I 470. Potassium 
in benzene gives cydopentadiene-potassium, a highly reactive compound, 
which absorbs CO 2 to form the potassium salt of bis-cyclopentadiene-car- 
boxylic acid (CgHg* 00011 ) 2 , m.p. 210® decomp.; dimethyl ester, m.p. 86® 
(p. 190). Cyclopentadiene and oxalic ester condense in the jiresence of NaOKt 
to form cyclopentadiene-oxalic ester CgHgCOCOOEt. With aldehydes and 
ketones in the presence of NaOEt coloured hydrocarbons are formed, derived 

CH=CH. 

from the hypothetical hydrocarbon | >C=r-CH 2 called fulvene. Di- 

CH=CH/ 

methyl-fulvene CgHg: CMe 2 , b.p. 46®/l 1 mm., methylethyl-fulvene CgHg: CMeEt, 
b. p. 186®, are orange-coloured oils. Diphenyl-fulvene C 5 H 4 :C(Ph )2 forms 
crimson prisms, m.p. 82®; for other fulvenes see Thiele, Ann. 348, 1. Like 
cyclopentadiene, the fulvenes absorb oxygen, forming peroxides such as 
[C 5 H 4 :C(CH 3 ) 2]04 {Thiele, Ber. 83, 666; 34, 68; Engler, ib. 34, 2933). 
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Fulvenes have also been prepared from ionones (p. 126) and cyclopentadiene 
{WilUtddt, C. 1934 II 1620; Kohler, Am. 66 , 2766). 

For the condensation of cyclopentadiene with cyclopentanone and 
cyclohexanone see Ouillemonat, C. r. 200, 1416. 

Cyclopentadiene combines with quinones in the molecular proportion 1: 1 . 
The compounds formed are remarkably stable. Cyclopentodiene-quinonc, 
CiiHioOj, forms yellowish-green leaflets, m.p. 78® {Thiele, Ann. 848, 31; 
cf. p. 191). Addition products with hydrogen halides and with halogens are 
formed in the proportions 1 : 1 and 1 : 2. Monochloro-cydopentene C 5 H 7 CI, 
b.p. 6(^140 mm., trichloro-cyclopentane C 5 H 7 CI 3 , b.p. 196®, tetrachloro-cydo^ 
pentane, C 6 H 3 CI 4 , b.p. 94®/16 mm. Monochlorocyclopentene gives with aniline 
amlinO’Cyclopentene, CgH^NHPh, b.p. 163®/26 mm. and with piperidine 
piperidino-cyclopentene, CbHj'NCsHiq, b.p. 94—96®/23 mm. {NoMechen, 
Ber. 38, 3348). By the addition of 2 Br to the conjugated double bonds of 
cyclopentadiene {Thiele, Ann. 814, 296), two stereo-isomeric l,4-dibromide8 
CH—CHBrv 

II /CHa arise, one a solid and the other a liquid, which give on 

CH—CHBr/ 

oxidation two stereo-isomeric aa'-dibromo-glutaric acids. DieU and Alder 
found that the conjugated double bonds of cyclopentadiene readily take 
up acrolein, maleic anhydride or two molecules of acetoxyl, the latter with 
CH- CH 

formation of I ; CHa (Ann. 460, 102 ; 470, 63; 478, 141; 

CH 3 COO • CH—CH. COOCH 3 

486, 202; 490, 236; Criegee, ib. 481, 263). With MeMgl methane ic^^wolved, 
and bromination of the produ(;t of the reaction gi' romide, 

CH—CHBrv 

I >CHBr, m.p. 60® {Grignard, C. r. 158, 1763 

CH—CHBr/ 

Methyl-ethyl-cyclopentadiene (p. 67) has been - a the 

corresponding carboxylic acid. l-Methyl-8-i80propy’ 

Cj,Hj 4 , a yellow liquid, b.p. 50—66®/20 mm., is easily f limination 

of water from J-methyl-3-i8opropyl-/l'-cyclopentene-? J, which is 

obtained by heating carvenone with HgOg {Treibs, B 83). 

1,2,4-Trl-Ph-cyclopentadicne, 1,2,3,4-tetra-Ph-cy# lene, tri-Ph- 

Me-cyclopentadiene and tri-Ph-dl-Me-cyclopentadh .ps. 149®, 178®, 

163® and 128® are formed from the correspond .clic pinacols by 

removal of 2 HgO {Newmaii, Ann. 802, 236; Abell ^<8, 360; Auerbach, 
Ber. 86 , 933; Ziegler, Ann. 445, 266; DiUJiey, J. ^ J, 1). 

Bruson and Stavdinger (Ind. Eng. 18, 381, scribe the formation 
of what they call cyclopentene-caoutchouc, produced by treating a 25% 
solution of cyclopentadiene in chloroform with a 16% solution of SnCl 4 in 
the same solvent at 0®. It is possibly the polymer (—CH • CH=r CH • CH—)n and 

"^CHa 

may be analogous to the normal isoprene caoutchouc (• CHg • C • Me=CH • CHj • )n. 

RING ALCOHOLS 

Cyclopentanol, C 5 H 9 OH, b.p. 140-7®, is prepared from cyclopentanone 
by reduction with Na and moist ether containing MeOH {Nenitzesev, 
C. 1933 I 1602) or by catalytic hydrogenation {Zelinsky, Ber. 66 , 477); it 
gives cyclopentene (p. 48) by removal of water {Auwers, Ann. 415, 98). 
Chloride b.p. 116®, bromide b.p. 137®, iodide b.p. 164®, amine b.p. 107® 
{Wislicenus, Ann. 275, 322). 

2 -Methyl-cyclopentanol-l9 cis compound, b.p. 148—149®, phenylurethane 
m.p. 94®, has been obtained from cyclopentene oxide with an excess of 
MeMgl; trans compound, b.p. 160®, phenylurethane m.p. 89®, from the cis 
form by oxidising it to the ketone and reducing it with Na 4- EtgO and 
potassium carbonate solution {Oodchot, C. r, 182, 393). 


4* 
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b.p. 49®/12 mm., amine 


/CHa—CHMe 

3-Methyl-cyclopeiitanol, HOCH< I 

\CHa—CHg 

b.p. 42®/12 mm., {Semmler, Ber. 25, 3619; 26, 776): its preparation is similar 
to that of cyclopentanol. 1- or tort. Methyl-eyclopcntanol, m.p. 3G®, b.p. 136® 
is produced from the corresponding amine, b.p. 144®, (which is obtained 
by reducing the nitration product of methyl-cyclopentane), or from cyclo- 
pentanone and MeMgl, or by a direct synthesis from (5-acetobutyl iodide 
with Mg (p. 18; Zelinsky, Ber. 36, 2684; Markovnikov, C. 1899 I 1212). 

Analogous reactions of cyclopentanone with various alkyl-Mg-halides 
have yielded 1 -ethyl-cyclopentanol, b.p. 166®, l-n-propyl-cyclopentanol, b.p. 
176-6®, 1-isopropyl-cyclopentanol, b.p. 73®/16 mm., 1 -n-hutyl-cyclopentanol, 
b.p. 196‘7®, l-lsoamyl-cyclopentanol, b.p. 101®/17 mm., and l-benzyl-cyclo¬ 
pentanol, b.p. 129®/11 mm. {Meerwein, Ann. 406, 129; Chavanne, Belg. 36, 
691; Harris, Am. 61, 2591; Denissenko, Ber. 69, 1668). 

1,2-Diniethyl-cyclopentanol-l, cis-trans mixture, b.p. 145—161®, is obtained 
from 1-Me-cyclopentene oxide or from 2-Me-cyclopentanone-l with MeMgl. 
1,3-Dimethyl-cyclopentanol-l, b.p. 144*4®, is prepared from the 3-ketone in 
the same way {Chavanne, Ac. Belg. 12, 105; Belg. 37, 141). 1,2,2-Trimethyl- 
cyclopentanol-1, b.p. 80—81/49 mm., from 2,2-di-Me-cyclopentaiione with 
MeMgl, gives on treatment with oxalic acid isolaurolene — 1,2,2-trimethyl- 
zlfi-cyclopentcne (p. 313), b.p. 108*6-109® {Kishner, C. 1911 1 543). 1-Methyl- 
2-ethyl-cyclopentanol-1 is made from 2-ethyleyclopentanone {Chiurdoglu, 
Ac. Belg. 17, 404). 2-lsopropyl-cyclopropanol-l, cis, b.p. 93-91®/27 mm., 
thane m.p. 63®, trans, b.p. 84-85®/20 mm., phenylurethane m.p. 
both prepared from 2-i8opropylidene-cyclopentanone-l through 
'uitanone by reduction, the cis catalytically, and the trans 
Vavon, Bull. 43 (1928), 667). 1,2-Dimethyl-3-i8opropyl- 
>. 71—73®/8*5 mm., is obtained from dihydrocamphor- 
'' {Kasansky, Ber. 62, 2205). 2,3,4,6-Tetraphonyl-.d2»^- 

n.p. 140® is prepared from the corresponding ketone 
with zinc dust, and regenerates the ketone when treated 
al acetic acid {Dilthey, J. pr. 139, 1). 

PhC=CFh 

lyl-cyclopentadienol I ' C(OH)Ph, m.p. 175 
PhC-CPh 

he action of PhMgBr on the ketone just mentioned, 
if this alcohol with Ag in the absence of air Ziegler 
led the free radical penta-Ph-cyclopcntadienyl 
4 


103®, al 
isopropf 
by Naj 
cyclop*! 
phcjon 
cjdlopeiii 
(p. 68) by\ 
with bronij** 

\ 

1,2,3,4,6-1^ 


—176®, is prepared 
By treating the ha\ 
(Ann. 446, 266) c 

C,H,C=CC.H, 
in the absence of air. 


as small brilliant crimson crystals melting at 260® 


Cyclopentane-l,2-diol, C 6 H 8 (OH) 2 , cis form m.p. 29-30®, b.p. 105-106®/ 
10 mm., bis-phenylurethane m.p. 197®, trans form m.p. 54—55®, b.p. 99—101®/ 
15 mm., bis-phenylurethane m.p. 210®, is obtained from cyclopentene through 
1,2-dibromocyclopentane (p. 48) with AgNO., and subsequent hydrolysis, or 
through the iodohydrin and the oxide with water at 126® {Verkade, Ann. 467, 
221), or from cyclopentene-diol (see below) by catalytic hydrogenation {Oriegee, 
Ann. 481, 263). For the resolution of the trans-diol into antimers by 
means of aceto-bromo-glucose, (a)D±33,8®, see Helferich, Ber. 70, 308. 
Cyclopentene-l,2-oxide, b.p. 101—102®, is prepared from cyclopeutene-1,2- 
chlorohydrin with KOH, and from cyclopentene with perbenzoic acid. It 
forms, with Orignard compounds, o-substituted secondary alcohols {Oodchot, 
C. r. 164, 1626; 182, 393; 184, 208). 

l-Methylcyclopeiitano-l,2-diol, two stereoisomers, mps. 23® and 66®, and cis 
l-Pheiiyl-cyclopentanc-l,2-diol, m.p. 66®, are formed from the corresponding 
cyclopentenes by treatment with KMn 04 (Verkade, Ann. 467, 217). 
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Other glycols of the cyclopentane series have been obtained by tho 
reduction of 1 : 6 -diketones (see p. 18), intramolecular pinacol formation 
taking place. 

t-Methyl-cyclopentanc-l,2-chlorohydrin8, two isomers, one m.p. 35—37®, 
the other b.p. 50—57®/8 mm., are obtained from l-Me-/l^-cyclopentene with 
chloro-urea + glacial acetic acid. By shaking this compound with powdered 
KOH 1-Me-cyclopentene-l,2-oxide^ b.p. Ill®, is obtained (Chavanne, Belg. 87 
(1928), 141). The diacetato of J^-Cyclopentene-l,2-diol, b.p. 110—114®/12 mm., 
results from the interaction of cyclopentadiene with lead tetracetate {Criegee, 

/C(OH)=CH 

Ann.481,290). l.Mcthyl-z|2-cyclopenteiie.l,2-diol (CH 3 )(OH) , 

b.p. 79-81®/16 mm. is prepared from cyclopentane- 1 ,2-dione with MeMgl 
{Qodchot, C. r. 158, 206). 

EXOCYCLIC ALCOHOLS 

Cyclopontyl-carbinol CgHgCHgOH b.p. 162® is obtained by reducing cyclo¬ 
pentane-carboxylic ester with Na and EtOH, or from cyclopentyl-magnesium 
chloride and trioxymethylene, or by the action of nitrous acid oncyclopcntyl- 
metliyJamine, C 5 H 9 CH 2 NH 2 , b.p. 139—145®; m the latter reaction cyelohexanol 
is also formed, an interesting example of ring enlargement ( Wallack, Ann. 858, 
326; Zelinsky^ Ber. 41, 2629). Oxidation of the alcohol by HNO^ gives glutaric 
acid {NametX'in, C. 1915 I 1111 ). Phenyl urethane m.p. 92-93°, chloride b.p. 
54—60®/39 mm., bromide b.p. 56—67®/! 7 mm., iodide b.p. 71—75®/11 mm. {Noller, 
Adams, Am. 48, 1080). From the iodide Rosnnov (C. 1916 1 925) obtained the 
following nitro compounds: Cyclopentyl-niiromethane C5H9 •CH 2 *N 02 , b.p. 
110®/35 mm., IJ-methyl-nitro-eyelopeniane, CgHgi (Me)NO, b.p. 86—88®/30 mm., 
and traces of niiro-eyclohejane. Namefkin (C. 1916 IT 250) found that the 
action of vater on the Mg-corapounds derived ironi the halides gave a mixture 
of hydrocarbons, of which about 60% were cyclohexene derivatives. 
/^-Cyelopontyl-ethanol, CgHg-CHgCHgOH, b.p. 97®/24 mm., is prepared from 
cyclopentyl bromide, Alg and ethylene oxide, or by the reduction of 
cyclopentyl-acetic ester (p. 63), obtained by the condensation of cyclo- 
pentanone with bromo-acetic ester and subsequent reduction {Huckel^ J. 
pr. 142, 205). Bromide b.p. 75—77°/19 mm. — Cyclopontyl-propanol, b.p. 
86 - 86°/6 mm., phenylurethane m.p. 55°; /l-^l^-Cyelopentenyl-ethanol, b.p. 
86—87°/16 mm., has been prepared by Noller and Adams (Am. 48, 2444) 
from /1^-cyclopentenyl-acetic ester (p. 65) with Na EtOH. 

Cyelopentenyl-methyl-earbinol, a-eyelopentyl-ethanol, CgHg-CHOH-Me, b.p. 
Td*b—lb^l?t\ mm., phenylur ethane m.p. 71—71*5°, is obtained from cyclo- 
pentcnyl-Mg bromide and acetaldehyde, or from cyclohexene oxide (p. 104) by 
means of MeMgl, with ring contraction {Bartlett, Am. 56, 2683). — For 
cyclopentyl-ethyl carbinols see Eduards, Am. 52, 3235. 

l-Methylol-cyclopentanol-2, C 6 H 9 ( 0 H)(CH 20 H), b.p. 136-137°/12 mm., 
is prepared from cyclopentanone-2-carboxylic ester with Na -{- EtOH. Tho 
dihromide, CgHgBr • CHgBr, when reduced with zinc dust and EtOH, gives 

CH2CH2CH 

bicyclo-{0,l,3-)hexane, nor-sahinane \ , b.p. 78*5—79'6®/740 mm. 

CHa-CH.CHg 

(p. 240) {Zelinsky, Bull. 85 (1924), 484). 

l-Isopropyl-cyclopeiitanc-],6-(liol, (1), m.p. 62®, b.p. 108°/14 mm., is 
produced by tho action of MeMgl upon 1,1-hydroxycyclopentane-carboxylic 
ester (p. 67). This pinacol very readily undergoes tho pmacolin rearrange¬ 
ment (1, 264, 363), which results in the formation of 2,2-dimethyl-cyclo- 
hexanono (II), by migration of one methylene group and enlargement of the 
ring {Meerwein, Ann. 876, 162); 

CH2—CHgv /CH2—COv 

(I) 1 >C(OH)-C(OH)Mo 2 -> H 2 C< >CMe 2 . (II) 

CH2—CH2/ ^CHg—CHg/ 
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/d*-Cyclopentenyl-methyl bromide, b.p. 71 ’ 

the carbinol with PBr, {Arvin, Am. 50, 1790), is important as the 

starting material for the synthesis of cyolopentenyl-fatty acids (p. > ;• 


ALDEHYDES 

Cyclopentane aldehyde, C 5 H 9 CHO, b.p. 130®, semicarhnzone^ m.p. » 
an oil with a penetrating smell reminiscent of valeraldchyde, is prepare 
from the alcohol with CrO,, {Zelinsky, Bcr. 41, 2029), from iodo-cyclohexanol 
with AgN 03 by ring contraction {Tiffeneau, C. r. 150, 772), by reducing 
zl*^-cyclopentene aldehyde (sec below) {Urion, Ann. chim. (11) 1, 5), 
hydrating cyclohexene oxide with Th 02 or with phthalic anhydride at 
{Bedos, C. r. 188, 902) or with MgBrj.EtjO {Clenio, J. 1033, 302), and also by 
the action of dilute sulphuric acid on methylol-cyclopentanol {Wallach, Ann. 
847, 320). ^ . 

1,1-Phenyl-eyclopentane aldehyde, b.p. 134®/15~1G mrn., is formed by ring 
contraction when phenyl-cyclohexene oxide is distilled with sulphuric acid 
and pumice, or with a trace of ZnCl 2 . The main product of the reaction is 
phenyl-cyclohexanone {Livy, C. r. 187, 46). l-Pheiiyl- 3 -inethyl-cyclopcntanc 
aldehyde-1, semicarhazone, m.p. 172®, is obtained similarly. 

CHg—CH. 

zl^-Cyclopentene aldehyde, 1 ^C*CHO , b.p. 48®/31 mm., semi- 

CK^—cn/ 

carhazone, m.p. 124®, an unstable liquid with an odour resembling that of 
benzaldehyde, is readily formed by condensation of adipic aldehyd ' (I 400), 
by the action of heat on divinyl glycol, and also by loss of HCl from methylene- 
cyclopentane nitrosochloride and hydrolysis of the oximi' so formed by 
means of dilute acid {Wallach, Ann. 347, 327; Urion, Ann. chim. (11) 1, 5). 
— An isomeric cyclopentene aldehyde, semicarhazone, m.p. 208®, has been 
prepared from cyclohexene peroxide by Hock and Schiader, Naturw. 1930, 159. 


RING KETONES 

These cyclic ketones are obtained by the methods 7a and 7 b given on 
page 20 from the calcium salts and anhydrides of adipic and alkylated 
adipic acids. They are, in their turn, the starting materials from which 
first the corresponding alcohols, and then the saturated and unsaturated 
pentacarbocylic hydrocarbons are prepared. The oximes of these ketones 
undergo the Beckmann rearrangement in presence of concentrated sulphuric 
acid to give d-lactams (I 450). 

,CH2—CH., 

Cyclopentanone, CO<^ | , b.p. 130®, occurs in 

^CH2—CH 2 

the light wood-tar oils {Metzner, Ber. 31, 1886), and is formed in the ketonic 
hydrolysis of 2 -keto-cyclopentane carboxylic ester, p. 08. 

The most convenient method of preparation starts from adipic acid 
which is heated with catalysts (Germ. Pat. 256,022) such as BaO (l^ayon. 
Bull. 43 (1928), 067), Ba(OH )2 {Thorpe, Org. Syntheses I, 187), iron filings 
and a little BaO {Vogel, J. 1929, 721), thorium oxide {Zelinsky, Ber. 
62, 2180), or FeS 04 {v. Braun, Ann. 490, 179). Another method is the 
dry distillation of zinc adipate {Godchot, C. r. 182, 393). Finally, cyclo- 
pentanone results from ring enlargement of the chlorohydrin of methylene- 
cyclobutane with PbO {Dem anov, Ber. 55, 7302), and by ring contraction 
from cyclohexanone dibromide with aqueous potash; 1 , 1 -cyclopentanol- 
carboxylic acid, the primary product of the latter reaction, is oxidised to 
cyclopentanone by means of PbOg + H 2 SO 4 . Other alkylated cyclohexanones 
undergo the same ring contraction, but only when they contain the two 
bromine atoms in the a,a'-positions, one on either side of the CO-group ( Wal- 
lach, C. 1916 I 366). 1,2-Cyclohexane-dione reacts similarly. Our knowledge 
of these transformations of brominated cyclohexanones into cyclopentanones 
is principally due to the work of WaUach (Ann. 414, 296; 487, 148). 
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Cyclopentanone smells somewhat like peppermint. Oxidation results 
in n-glutaric acid. Electric moment: 3*00 D. Oxime m.p. 58*6® {Sabatier, 
C. r. 158, 986). When heated with acetic anhydride to 180® it gives 
cydopentenol acetate, b.p. 166—168®, which is derived from the enolic form. 
Cyclopentanone and benzaldehyde condense readily to give monobenzylidene 
and dibenzylidene com,pounds, Ph-CH : (CjHjO) and PhCH : {C 5 H 4 O): CHPh 
{Mentzel, Ber. 86 , 1499; Wallach, C. 1908 I 637; Cornubert, C. r. 190, 440). 
The dibenzylidene compound, which crystallises in lemon-coloured needles, 
is reduced catalytically to a dibenzyl compound, m.p. 190®. Cyclopentanone 
undergoes condensations of a similar kind with phenol-aldehydes {SandakI, 
J. Pharm. Chim. 19 (1934), 126) and with ketones {Wallach, Ann. 894, 362). 
Unsaturated ketones of the benzylidene-acetophenone type give, by addition. 


“semicyclic” ketones, such as 



—CH(Ph).CH 2 COPh {Oeorgi, 


O 


J. pr. 


86 , 232). 

Cyclopentanone and nitrous acid give di-isonitroso-cyclopentanone, 
HON : (C5H4O): NOH, m.p. 216® {Horsche, C. 1909 II 1649). In presence of 
NaOEt two or three molecules condense to 2-cyclopentylidene-cyclopentanone, 
(CgHgO) : (CjH^), b.p. 118®/12 mm., and 2,2'-dicyclopentylidene-cyclopentanone 
(CgHfi) : (C5H4O): (CgHg), rn.p. 77®, b.p. 1900/12 mm. ( Wallach, Ber. 29, 2962). 

When cyclopentanone is halogenated, the halogen atom enters the position 
next to the CO group {Kotz, Ann. 400, 60). 2-Chlorocyclopentanone-l, b.p. 
80®/10 mm., obtained by exposing cyclopentanone to chlorine in diffused 
daylight at a temperature not exceeding 26®, gives with Ba(OH )8 cyclo¬ 
pentanone-l-ol-2, b.p. 80®/12 mm., and with dimethylaniline ^^-cyclopentene- 
1-one, b.p. 136-136®. Tetrabromo-cyclopentanone, m.p. 99®, is obtained 
from cyclopentanone with four molecules of bromine; the position of the 
Br-atoms is uncertain. HBr is readily eliminated and tribromo-cyclopentenone 
is formed. This with one molecule of Brj gives pentabromo-cyclopentanone, 
m.p. 93® {Godchot, C. r. 155, 1622; 156, 332). Condensation of cyclopentanone 
with chloroform in the presence of KOH results in the formation of l4richloro- 
Me-cyclopeniave-l-ol, C 5 H„(OH)CCl 3 , b.p. 102®/10 mm. {Garland, Am. 58, 
2114). 

Alkylated cydopentanones arc prepared, like the parent ketone, by method 
7a p. 20, starting from the corresponding alkylated adipic acids {Blanc, 
Bull. 8 (1908), 780; v, Braun, Ann. 490, 179), or by oxidising the corresponding 
cyclopentanols {Ktshner, C. 1911 I 643). Haller and Cornubert (Bull. 89 
(1926), 1724; C. r. 158, 298, 1616) have prepared methylated cyclopenta- 
nones by direct methylation of cyclopentanone with CH 3 I and NaNHg. The 
four H-atoms adjacent to the CO-group can be substituted successively 
by Me. If the action of NaNHg in toluene is carried still further the ring is 
broken and tetra-Me-cyclopentanone is transformed into 2,2,6-trimethyl- 
caproic amide. 

Hintikka (C. 1914 I 789) and Nametkin (Ann. 459, 141) have found alkyl- 
cyclopen tanoncs among the oxidation products of terpene derivatives, and 
V. Braun (Ann. 490, 100) has encountered others in degrading naphthenic 
acids from petroleum. 

2-(a)-Methyl-cyclopentanone-l, m.p. —76»1®, b.p. 139*6®, semicarbazone 
m.p. 174®, is prepared from a-Me-adipic acid {Montemartini, Gazz. 26 (II) 
269), or by boiling 2 -Me-cyclopentanone-carboxylic ester with HCl {Byssel- 
berghe, Ac. Belg. 1926, 171). 

CHMc 

8 -(/?)-Mothyl-cyciopentanone, CO 1 , b.p. 144®, semicarbazone 

''CH2—CHj 

m.p. 188® decomp., is prepared bj’' passing / 3 -Me-adipic acid over MnOg at 
300®, or over BaO at 270® {Sabatier, C. r. 158, 986; Chavanne, Ac. Belg. 
1926, 106; Godchot, C. r. 192, 962; Garland, Am. 58, 2414; Nenitzescu, C. 
1933 I 1602). The optically active form is known, [a]D +136*9® {Zelinsky, 
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Ber. 86 , 2489). The compound smells like camphorphorone, which also 
belongs to the cyclopentanone group, but is described later, p. 305. The 
oxime of Me-cyclopentanone is converted by P 2 O 5 into the nitrile of 
hexylenic acid, C5H9CN, /J-Me-pjnridinc being formed at the same time 
{Zincke, Ann. 299, 3(37), cf. the similar behaviour of other cyclic ketones. 

Dimetliyl-cyclopentanones, C 7 H 12 O. Direct methylation of cyclopentanone 
gives 2-Me-cyclopentanone together with a mixture which consists of 95 
of syram. 2^5-{oL,a*)-di-Me-cyclopentanone, b.p. 347°/144 mm., and 5% of 
asymm. 2f2-(oi.^ix.)-di‘Me-cyclopentanonef b.p. 143—144°. Serrticarhazones^ m.ps. 
376° and 191°. The dibenzylidene compound of the symrn. isomer, m.p. 129°, 
has also been obtained from a,a'-di-Me-adipic acid {/jelinsky, Ber. 29, 403). 
The monohenzylidene compound of the asymm. isomer melts at 3()*5—37°. 
The first isomer combines with two molecules of benzaldehyde to an cthylcne- 
tetrahydropyrone derivative {Haller^ C. r. 179, 316; 180, 1988; 181, 81): 

CH2-C(CH3)-0HC«H, 

j \co \o 

CH,-C(CH,)-CHC.H 5 

3f4‘{fi,p')-Dimcthyl-cycJopentanC‘l-om, b.p. 153—355°, a mixture of two 
isomers whose sendcarhnzones melt at 3 76*5—370° and 201—202° resp., is 
prepared by heating cither of the two forms, m.ps. 133° and 304—105°, 
of ^,^'-dimethyl-adipie acid with acetic anhydride {Faltis, Ann. 438, 103). 
2,8,3-(a,/i,/j)-Triiiietliyl-cycloi)eiitaiie-l-oiic, 0 gHi 4 O, is prepared from a,/>’,/f-tn- 
methyl-adipic acid, 2 , 2 , 6 -(a,a,a')-trimctliyl-cyelopeiitano-l-ono and 2,2,5,r>- 
(a.a,a',a')-tetrainethyl-cyt*lopeiitane-l-oiie by methylation of 2,5-dmethyl- 
cyclopontanone. 8,3,4-Trimethyl-cyclopentane-l-one, b.)^. 172—174°, semi- 
carhazone m.p. 102°, (H-p-niirohcnzyhdene compound rn p. 190°, has been 
prepared by v. Buivn from the naphthenic acid b.p. 144—345°/ 

14 ram. (p. 06), of Rumanian petroleum (Ann. 490, 10()). Its constitution 
was established (Bor. 06, 1499) by conv€*rting it into an amine, and then 
into the cyclo-olejine^ ^8^14, b.p. 117—123°, which on oxidation with 
KMn 04 gave a^ft.p-tnrnethyl-glutaric acid, CyH| 404 , b.p. 100—170°/0*5 mm. 

3,3-(/l,/f)-Methyl-ethyl-cyclopc*ntaiio-l-one, b.p. 174°, semicarbazone, m.p. 
170°, IS prepared from a-methyl-a-ethyl-tetramethylcne bromide with 
Mg 4- OOg; 8,4-(/f,/i')-mcthyl-ethyl-cyclopentane-l-one, b.p. 180°, semi- 
carbazone m.p.208—209°, from the corresponding adipic acid, and 8 -propyl- 
cyclopentane-l-onc, b.p. 190-191°, semicarbazone, m.p. 179°, from propyl- 
adipic acid {v. Braun, Ann. 490, 179). 

2,6-(a,a')-Methyl-i 8 opropyl-cyclopeiitai[ie-l-oiie, dihydro-camphorphorone is 
obtained from camphorphorone by hydrogenation with Ni at 130° (p. 306) 
{Kasansky, Ber. 02, 2205). 

3-Methyl-2-n-aiiiyI-cyclopentane-l-ono, tetrahydropyreth rone, ietrahydro- 
jasmone, b.p. 100—105°/i2 mm., is made by reduction of pyrethrolonc (p. 68 ) 
or jasmone (p. 57). Semicarbazones m.ps. 165—166° and 191—192° {Stau- 
dinger, Ruzicka, Helv. 7, 258; Treff, Werner, Ber. 66 , 1621; Ruzicka, Helv. 
16, 1208). 8-Methyl-5-n-amyl-cyclopentane-l-oiie, b.p. 107-309°/4 mm. 
{Staudinger, Ruzicka, Helv. 7, 248). 

Ph-CH—CH-Me 

2^5-Dimethyl-3,4-diphenyl-cyclopentanonc-l, I CO , m.p. 

Ph-CH—CHMe 

122°, is obtained from dimethyl-anhydroacetone-bcnzil (vol. Ill) by reduction 
with HI and P, 2,6-dimethyi-3,4-diphenyl-J'*-cyclopentenone-l, m.p. 122°, 
being formed as an intermediate product {Japp, Maitland, J. 86 , 1473). 

Methylene-3,B'-bis-cyclopentanone, CHj: | | , m.p. 63-64°, has 

been prepared by iJieckmann's ring closure method (v. Braun, Ber. 64, 2621) 
from methylene-3,3'-bis-adipic acid. The acid was obtained by oxidising 
4,4'-dihydroxy-dicycIohexyl-methane. 
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CO—CHg 

2- Methyl-zl^-cyclopentcnone-l, CHg-C^ I , b.p. 157®, oxime m.p. 

^CH—CH 2 

128®, has been isolated from light wood-tar oil {Looft^ Ann. 275, 377), and 
is prepared synthetically from cyclopentane-1,2-dione with MeMgl. The 
unsaturated glycol first formed (p. 53) is dehydrated by boiling with 
aqueous oxalic acid {Oodchot, C. r. 158, 506; Looft, Bcr. 27, 1538). 

.CH=C.C3H7 

8-lsopropyl-/1*-cyclopenteiione-l, towoce/opAoronc, CO<' I , h.p. 

—CH2 

83»6—84*5/11 mm., semicarhazone, m.p. 184—185®, has been found in heavy 
acetone oil and is made by distilling tanacetone-dicarboxylic acid with 
soda-lime. On oxidation it gives the lactone of y-hydroxy-isoheptylic acid 
{Semmler, Ber. 25, 3350; Prmgsheim, ib. 58, 1409). 2-IsopropyIidene-cyclo- 
pentanone-1, b.p. 78—79®/10 mm., oxime, m.p. 83®, is obtained from cyclo- 
pentanone and acetone by means of NaOMe. Catalytic hydrogenation 
converts it into the saturated ketone {Vavon, Bull. 43 (1928), 667; Cornubert, 
lb. 47 (1930), 958). 

Jasmone, CuHjqO, the odoriferous principle of jasmine oil, of which 
it constitutes 3%, b.p. 108 -110®/5 mm, semicarbazone, m.p. 206®, 
oxime, m.p. 45®, has been identified as 3-methyl-2(n-pontene-[2']-yl)- 
CH2—C.CH3 

z|2-cyclopeiitene-l-one, | ^C CHj CHrCH CHj CH,. The con- 

CHj—CO 

stitution has been established by catalytic hydrogenation with Pd to 
tetrahydro-pyrethrone, 3-Me-2-n-amyl-cyclopentane-l-one, CiiHgoO, 
b.p. 91®/7 mm, whose constitution is known (p. 5()), since it 
gives y-Me-6-ketodcc()ic acid and caproic acid and laevulinic acid on 
oxidation, and has been synthsised by Staudinger (Helv. 7, 236) 
from y-bromo-valeric and n-amyl-malonic esters. The fact that of 
the two double bonds one is in the side chain is shown by the 
oxidation of j asm one to laevulinic, propionic and acetic acids. 
Gentle reduction of jasmone results in the formation of dihydro- 
jdsmone, b.p. 101-102®/5 rnm., semicarbazone, m.p. 175—176®, which 
still contains the double bond in the ring. This is identical with 
synthetical 3-Me-2(n-amyl)-A^-cyclopentene-l-one (Staudinger, Ruzicka, 
Helv. 7, 256; 16, 1208; Treff, Werner, Ber. 66, 1521) and is obtained 
synthetically from /?,y-hexenol {Treff, Werner, Ber. 68, 640). 

For compounds resembling jasmone in structure see Brit. Pat. 435,605, 
435,608; French Pat. 765,515, 767,725, 785,540, 788,056; Germ. Pat. 613,308, 
639,455. For a general method of preparing similar unsaturated penta- 
carbocyclic ketones from unsaturated aliphatic acids see Plattner and Pfau, 
Helv. 20, 1474. 

.CH 2 —CHg 

3- rhenyl-/12-cyclopcntenone, Ph-C<^ I , m.p. 84®, has been 

^CH CO 

prepared from pheiiacylacetone (vol. Ill) with dilute sodium hydroxide. 
Oxime m.p. 147® (Borsche, Ber. 41, 194). For Tetraphcnyl-eyelopcntenones 
see Dilthey, J. pr. 130, 1. 

1 , 193 ,3-Tetramethylol-cyclopentanone-2, C 5 H 40 -(CH 20 H) 4 , m.p. 143®, is 
prepared from cyclopentanone, formaldehyde and milk of lime. Tetrabenzoate 
m.p. 144® (Mannich, Ber. 56, 833). 

1-Methyl-J*-cyclopentene-8-ol-4-oiie, yellow crystals, m.p. 58-59®, is 
obtained by hydrolysing the condensation product of ) 3 -methyl-glutaric ester 
and oxalic ester with 20% H 2 SO 4 . It is reduced to the saturated hydroxy- 
ketone, b.p. 86®/12 mm. (Staudinger, Ruzicka, Helv. 7, 377). An isomer has 



58 


CYCLOPENTANE GROUP 


been isolated from crude acetic acid from wood: l-methyl-^^-cycloponteno- 
2 -ol- 8 -one 9 yellowish crystals, m.p. 106—106®, m.p. of hydrate 72—76®, 
dibenzylidene compound m.p. 207—208®, Ph-omzone, m.p. 138-139®. It gives a 
deep violet colour with FeCls solution and is reduced to the saturated hydroxy- 
ketone, b.p. 97—98®/23 mm. (Meyerfeld^ Chem.-Ztg. 36, 649; Zinckcy Ann. 
264, 211). 

1 - Methyl - 2 - pentadienyl - cyclopentane - 4 - ol - 3 - one, pyrethroloncy b.p. 
111 — 112 ®, forms the alcoholic constituent of the ester of chrysanthemic 
acid (p. 26) which is found in extracts of Chrysanthemum cinerariifolium 
and has insecticidal properties (p. 482) {StaudingeVy Kuzicicay Helv. 7, 377, 
448). — For other pyrethrolones and Me-cyclopcntanolones with different 
unsaturated side chains see id. ib. pp. 406, 442. 

3,4-Diphenyl-zl2-cyclopentenc-4-ol-l-one, anhydro-acetone-benzily 


Ph .C= CH V 
I >CO 

Ph.C(OH)—CH/ 

m.p. 149®, is obtained from benzil (vol.III) and acetone. Vorlander (Ber.37, 
1133) has prepared a number of similar cyclopcntene keto-alcohols by con¬ 
densing benzil under pressure with other ketones such as Me-Kt-ketone, 
dibenzyl-ketone etc. By an analogous reaction benzil and laevulinic acid 
(I, 478) condense to a diphenyl-cyclopcntcnolone-acetic acid, nnhydrohenzil- 
laevuhnic acid {Japp, Murrayy J. 71, 146; HendersoUy J. 79, 1266; Abell, 
ib. 53, 360, 367). An isomeric diphenylcyclopentenolone, m.p. 176®, 


Ph OH - GHg. 

J 

Ph*CH=:C(OH)/ 

is obtained by the action of cone. H 2 SO 4 upon dibenzylidene-acctone. It 
is oxidised by potassium permanganate to Ixmzil and desyl-acetic acid 
(vol. Ill), while both isomers are reduced by hydrogen iodide to 1,2- 
diphenylcyclopentane {Vorlander, Ber. 37, 1133). 

5-Substifuted 2- or 4-hydroxy'3y4-dtphenyl-/\^-cyclopentenoneSy anhydro- 
acetone-benzilsy arc formed by the general method of condensing benzil with 
aliphatic Me-ketones. These compounds show a characteristic behaviour 
with acetic anhydride, when they are converted into the acetates of the 
isomeric 2 -hydroxy compound; the following isomeric changes are possible: 


C - C'C^Hs Acetanh r.= 

CO - CH HCl CO- 




^C'C^Hs alk.KOH 


HJeHs 


"OH 


HCl 




m 




CO - C^OH 


For example, 4-hydroxy-3,4-diphenyl-0,5-dimethyl-A^-cyclopentenone (I), rn.p. 
181®, can be converted, via the acetate of II, m.p. 137®, into the isomeric 
2-hydroxy-3,4-diphenyl-5,5-dimethyl-A^-cyclopentenone (III), m.p. 168® {Japp, 
J. 47, 33; Cray, ib. 96, 2131; Burton, Chem. and Ind. 61, 98; J. 1933, 720). 
Reduction of these compounds either with HI and P or by Clemmensen^s 
method gives the corresponding cyclopentanes. 

2- (3,4,6 - Trihydroxy - phenyl) - A - cyclopentadiene - l-one- 6 - 0 ], purpuro- 
gallin, is found as the glucoside dryophanthin, see p. 426. 

2,3,4,6-Tetraphenyl-Zl^-cyclopcntene-4-ol-l-one, m.p. 210 ®, is prepared from 
benzil and dibenzyl ketone with alcoholic potash at ordinary temperature. 
Elimination of water by means of H 2 SO 4 and glacial acetic acid gives 
tetraphenyl-A^'^-cyclopentadiene-l-one, dark red crystals melting at 217—218® 
{Dilthey, J. pr. 128, 139; 139, 10; 141, 331). This ketone has been used for 
diene synthesis {Allen, Canad. J. Res. 11, 171). 

CCI2—ecu CCICCI2. 

Hexachloro-cyclopentcnonos, 1 >CO and 11 >CO, m.ps. 

CCl“-"CCr CCl'CCl ^ 

28® and 92®, b.ps. 166®/80 mm. and 148®/76 mm., are ^prepared by 



DIKETONES 


59 


oxidising the corresponding a-hydroxyacids with CrOa; the acids are ob¬ 
tained from benzene derivatives such as o-ami nophenol and pyrocatechin 
(vol. Ill) {Zincke^ Ber. 24, 926; 25, 2697). For the action of NH3 on these 
ketones see id., Ber. 81, 221. 

CO—CH3. 

1,2-Cyclopentanedione, | /CHo, m.p. 66®, is formed by ketonic 

CO—CH/ 

hydrolysis of l,2-diketo-cyclopentane-3,6-dicarboxylic ester (p. 69). This 
dikctone has the properties of an acid. It forms salts derived from the 


CO CH. 

tautomeric structure of a cyclopente7iolone | it reacts 

C(0H)=CH2/ 

with acetyl chloride, benzoyl chloride and phenyl isocyanate (DieckmanUf 
Ber. 86, 3201). 

Cyclopentancdione reacts readily with chlorine to form 8-chloro-l,2- 
cyclopentancdione, m.p. 139®. Chlorinated 1,2-cyclopentanediones can be ob¬ 
tained, like the chlorinated cyclopentcnones (above), from benzene derivatives 
such as phenol and chloranilic acid {Hantzschf Ber. 22, 1246, 1264; 
Heller^ J. pr. 129, 211). Potassium chloranilate is converted by chlorine 

CO CCljj. 

and water into trichloro-cyclopentane-trione | /CO, m.p. 126®. 

CO—CHCK 
CCl—CO. 

Pesorcinol yields tetrachloro-cyelopentcncdione, \\ /CCL, m.p. 76®, 

CCl—CO^ 

b.p. 148®/27 mm. The primary product of the reaction in these cases is 
frequently a chlorinated keto-acid; resorcinol, c.g., is converted into per- 
chloro-acetyl-crotonic acid, CCls-CO-CCl: CCl*CCl2*COOH. The ring 
closure to give a kctocyclopentane is then brought about by hot cone, 
sulphuric acid {Zincke, Ber. 24, 916; 26, 2226; 26, 613; LandoUy ib. 26, 848). 
A similar reaction has been carried out with /?,^-dibromo-laevulinic acid, 
CHgBr^CO'CHBr^CHg-COOH which is obtainecJ by brominating laevulinic 
acici; it is converted {Wolff, Ann. 294, 183) by fuming sulphuric acid 

CBr—CO. 

into two dibroino-cyclopeiitencdiones || ^CHBr, m.p. 99®, and 

CH -CO/ 


CH—CO. 

II ^CBrg, m.p. 137®. 

CH—CO/ 

2,2,M -Tetrabromo-zl®-cyclopentene-l,6-dioiie, xa nthogallol. 


CO CO> 

I 

CBr: CBr 




crystallises in orange-coloured plates melting at 121®. It is obtained from 
pyrogallol (vol. Ill) by the action of bromine. The bromine atom in the 
3-position is highly reactive and can easily be replaced by Cl, basic residues, 
CO-CO. 

OH etc. Chloro-xanthogallol, I /CBr, m.p. 99—110®. Anilido-xaniho- 

CBr^CCK 

gallol, m.p. about 196®. XanthogalloUc acid, m.p. 137® decomp., 


—CO. 

>CBr2. 
r— CO/ 


CO ~COv CO 

I ^CBrj or | 

CBr= C(OH)/ CHBr—CO/ 

The enolic form of this compound gives a Me-ether, m.p. 109-111®, and an 
acetate, m.p. 126—129® {Moore, Am. 89, 980; Hantzsch, Ann. 488, 206). 

CBr—CO. 

2 , 254 , 6 -Tetrabromo-zl^-cyclopentene-l, 8 -dione, ^]>CBr2, m.p. 


143—144®, isomeric with xanthogallol, is formed by the action of an excess 
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of bromine on 4* or 5-nitro-o-acetaminophenol, presumably through 6,6-di- 
or 3,5,6-tribromo-2-acetaminoquinono as an intermediate. With aniline it 
CBr—CO. 

gives a compound \\ NciNHCgHglg, m.p. 261® dccomp., while with 

CBr—CO/ 

NaOBr bromoform and symra. dibromo-maleic acid arc formed {Heller, 
J. pr. 129, 233). 

/CHCCHg)—CO 

2-MethyI-cyelopentanc-l,3,4-trlono, CO^ ! , m.p. 118®, has 

^CHa-CO 

been prepared from oxalic ester and Me-Et-ketone by Diels (Ber. 39, 
1336) according to method 4 b, p. 19. Me-benzyl-ketone gives similarly 

.CHPh—CO 

phenyl-cyclopentane-trione, CO<f i yellow needles m.p. 167® 

vCHj.-CO 

{Wislicenus, Ann. 436, 101). Dibenzylketone gives the asymm. mono- 
enolic form of diphenyl-cyclopeutane-trione, oxalyhdihenzylketone, 
CPh=--=:COH 

CO<; I , m.p. 193®. This compound, when heated, undergoes a 

^CHPh—CO 

rearrangement into pblmnone (pulvinolactone, iso-oxfilyl-dibenzylketone), m.p. 
.CPh:C*OH 

248—249®, CO<f I , the lactone of a straight chain acid 

^0 C: CHPh 

{Claisen, Ber. 27, 1363; Ann. 284, 296). 

Tri-thiocyclopentanone (CgWgS);,, m.p. 172®, is formed by the action of 
HCl and H^S on cyclopentanone in EtOH. 

Triquinoyl, CgO^, a compound obtained by oxidation of hexahydroxy- 
benzene CgHgOe or of potassiuin-earbon-moiioxiths undergoes a benzihe 
acid rearrange'rnent with alkali giving l,2-dihydroxy-zJ*-cycJopoiitone-3,4,5- 
trione, croconic acid, C 6 H.^ 05 . This can be oxidise'd to pentaketo-cyclo- 
pcntaiie, leuconic and, C 5 O 5 . The reduction product of triquinoyl, rhodizonic 
acid, CgHgOfl, gives 1,2,4-trihydroxy-/P-cycloponteno-3,5-dione, croconic 
arid hydride, C 5 H 4 O 5 (cf. ring transitions p. 13) (Nielzki, Ber. 18, 499, 1833; 
19, 293; 20, 1617; 23, 3136). 


EXOCYCLIC KETONES 

Acelylcyclopentane, C5H9COCH;,, b.p. 160®, semicarbazone, m.p. 142—143®, 
is obtained from cyclopentane with acetyl chloride and AlCl, {Nenitzescu, 
Ber. 66, 810). 1-Methyl-l-acetyl-cyclopentane, C 5 H 8 (Me)(COMc), b.p. 60®/ 
13 mm., semicarbazone m.p. 143® {Meerwein, Ann. 417, 257; Nametkin, Ber. 
67, 686 ). l-Methyl-2.acetylcyclopentane, b.p. 168®, is obtained from the 
corresponding carboxylic acid (p. 69). A stable form b.p. 168®/763 mm., 
semicar^zone, m.p. 167®, is obtained from cyclohexane with acetyl chloride 
and AICI3; the ring contracts, and bicyclo-( 0,1,3)-hexane is probably an 
intermediate. A labile form, semicarbazone, m.p. 166*6—167® (mixed with the 
stable form, m.p. 167-168®), is prepared by hydrogenating the unsaturated 
ketone (cf. below) {Nenitzescu, Ann. 491, 189; Ber. 66, 808, 1461; 66 969* 
Zelinsky, Ann. 608, 116; Hopff, Ber. 66, 482). l.PlienyI-3.acetyl.iyclo- 
pentane, b.p. 163—166®/16 mm., is obtained from cyclopentene, acetvl 
chloride and benzene with AICI3 {Nenitzescu, Ann. 619, 267). 

Cyclopentylacetone, b.p. 179®, semicarbazone, m.p. 171—171*6®, is the 
product of the catalytic reduction of ^^-cyclopentenylacetone (see below) 
{Kon, Linstead, J. 119, 810; 127, 816). ^ ^ 

CHg—CH . 

Acetyl-Ji-cyclopentene, [ ^C-COMe, b.p. 173-174®, resembles 

CH2—CH2' 

^nzaldehyde in odour. Its oxime, m.p. 91®, is formed by loss of HCl from 
the nitrosochloride of ethyJidene-cyclopentane. 
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CHjj—CMe. 

1 -Methyl- 2- acetyl-^^-cyclopentene, | ^>C‘COMe, b.p. 185®/ 

CHa—OHa/ 

744 mm., semicarhazone m.p. 221®, oxime, m.p. 86 ®, has been prepared by 
the following methods: from 2,7-diketo-octane with NaOEt, from Me- 
cyclopentane or Me-cyclopentene by acetylation in the presence of AlClg 
{Zelinsky, Ann. 608, 115), and by ring contraction from cyclohexane with 
acetyl chloride and moist AlGlg {Hopff, Ber. 66 , 483; Nenitzescu, ib. 66 , 
811, 1452; 66 , 9G9; Ann. 610, 269). It gives y-acetyl-but 5 rric acid when 
oxidised by KMn 04 . 

The reduction of mesityl oxide (I 273; Harries, Ann. 296, 296) gives rise, 
presumably through a 1,6-diketone, to Pentamethyl-acetyl-cyclopentene, 
McaC-CHav 

I ^CMe, b.p. 210—230®. For similar ring closures of 1,6 dike- 

MeaC—C(COMe)^ 

tones see Trauhe, Ber. 81, 2938; Blaise, C. r. 148, 852. 

The action of cone. H 2 SO 4 on camphor nitrimine (p. 287) gives 1-acetyl- 
S-isopropyl-.'l^-cyclopenteiie, isocamphor, CjoHigO, b.p. 211 ®, semicarhazone 
m.p. 164®. The constitution of the compound is shown by its oxidation to 
a-isopropyl-glutaric acid {Wallach, Ann. 879, 220; 892, 60). 


/li-Cyclopcntenyl-acetone, | ^CH^COMe, b.p. 181-184“, is prepared 

by distilling (ialcium cyclopentane-diacetatc or by treating the chlorides of 
cyclopentylidene-acetic or /I ^-cyclopentcnyl-acetic acids with MeZnl. Two 
sernicarbazones are tormed, which can be separated by means of MeOH. The 
more soluble one melts at 138®, the less soluble at 189® {Kon, Linstead, J. 119, 
810; 127, 815; v. Braun, Ber. 67, 278). 

2-Methyl-.P-cyclopenteiiyl-acetone and 2-Methyl-cyclopentylidene-aeetone, 
b.ps. 108®/27 mm. and 82®/17 mm., are obtained from 2-Me-/1^-cyclopentenyl- 
acetyl chloride and 2 -Me-cyclopeiitylidene-acetyl chloride resp. with MeZnI 
{Bardhan, J. 1928, 2603). 

m-zl^-Cyelopentenyl-acetophenone, Cr,H 7 CH 2 COPh, b.p. 163-166®/16mm., 
is prepared from cyclopentenyl-acetyl or cyck)pentylidene-acetyl chloride 
with PhMgBr {Farrow, Kon, J. 1926, 2123). 

l-Benzoyl-2-phenyl-/1i- and -/l^-eyclopentenes result from the decom¬ 
position ol 1,4-dibenzoyl-butane at 300® {Skraup et al., Ber. 68 , 2488). 


CHg CO. 

2- Acetyl-cycIopentanone-1, ^CHCOMe, b.p. 76®/8 mm., is 

CHg—CHg/ 

prepared from t-keto-oenanthic acid by method 4 c, p. 19. The ring easily 
opens again when the compound is heated with NaOEt {Blaise, C. r. 148, 1401). 
CHg—CHgV /Ph 

The diketone j , m.p. 149—151®, has been 

CHg CO^ ^CHgCOPh 

obtained by Stobbe (Ber. 86 , 1445) by condensing cyclopentanone with 
benzylidene-acetophenone in EtOH with NaOH. 

2-Acetyl-8-methyl-cyclopentanonc-l, b.p. 89—90®/12 mm. is obtained from 
y-Me-5-acetyl-valeric ester by internal condensation, in accordance with 
method 4a, p. 19 {Oodchot, C. r. 176, 1161). 

6-Nitro-2,8-diacetyl-cyclopentadiene, C 9 H 2 O 4 N, pale yellow^ crystals, m.p. 
195® decomp., is the chief product of the condensation of acetonylacetone 
and nitro-malonic aldehyde, while acetonyl-nitrophenol is a by-product 
{Hale, Ber. 46, 1696). 

8-Isoamenyl-l-isovaleryl-4-hydroxycyclopontane-2,6-dione, humulinic acid 
(I), m.p. 93®, and 8-lsoamyl-l-i80Taleryl-cyclopentane-2,4,6-trione, isohumu- 
linic cuiid (II), yellow needles, m.p. 143®, are both degradation products 
of the hexacarbocyclic humulone from lupulin (p. 400 and Wieland, Ber. 
68 , 2012 ). 
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CHOH • CH—CH: CH • CHCCHa)^ 

I > 

CO-CH-CO • CHa • CH(CH 3)2 

I (or an enolic form of this) 


CO—CH—C 5 H 11 

i 

CO—CH—COC.H, 
II 


2 -Beiizoyl-cyclopentanone-l 9 yellow leaflets, m.p. 41—42®, b.p. 137®/3 mm., 
aemicarhazone m.p. 223®, is prepared from d-benzoyl-valeric ester by internal 
condensation by means of NaNHg; it is a /^-diketone, and since it gives a 
blood-red colour with FeClg it is at least partly cnolised in solution (Jlffem’ciw, 
Ann. 406, 129; Orateau, C. r. 101, 947). 

A case of steric hindrance where the aromatic nucleus is substituted 
is of particular interest. While in 2 -p-methyIbenzoyl-cyclopentanone-l 
O 



both carbonyl groups are capable of reacting with Grignard compounds, e.g. 
EtMgBr, to form the two unsaturated ketones I and II by loss of water. 



2 -o,p-dimothylbenzoyl-cyclopentanone-l can only be convertea into the 
pentenone III, the Ongiiard reaction with the other carbonyl being prevented 
by the presence of a Me-group in the o-position. The constitution of 
compound (I) is proved by its hydrolysis to cyclopentanone and p-methyl- 
propiophenone, as well as by its oxidation to glutaric acid and p-methyl- 
propiophenone, while that of the compounds II and III follows from their 
oxidation to y-propionyl-butyric and p-toluic acids, and y-propionyl-butyric 
and 2,4-dimethyl benzoic acids respectively {Orateau, C. r. 106, 1619). 


CARBOXYLIC ACIDS 


Cyclopentane-carboxylic acid, m.p. 4—5®, b.p. 216®, has an unpleasant 
odour. 2-Methyl-cyclopentane-carboxylic acid, b.p. 219®. 2,6-Dimethyl- 
cyclopentane-earboxylic acid is known in three stereoisomeric forms, m.ps. 
76-77®, 26-30® and 49-60®. 


CHjj.CHjj. CHgCHCCHg) 

1 >CHCOOH ! 

CHa-CH/ CHg -CHg 


yCHCOOH 


CH 2 -CH(CH„). 

I >CHCOOH. 

CHj-0H(CH3)/ 


These acids have been prepared from cyclic malonic esters. 


CHjj.CHj 




>C(COOK)s 


CH2.CH(CH3) 


^(COOR), I 


CH,.CH(CH,) 


CH,.CH(CH, 


C(COOR), 


which are derived from the corresponding alkylene dibromides by method 6 , 
p. 19 {Haworth, Ber. 26, 2246; Stauss, ib. 27, 1228; Wislicenus, ib. 34, 2665). 
Cyclopentanecarboxylic acid is also obtained by treating chloro-cyclopentane 
with Mg and COg, from the corresponding a-hydroxy acid or the unsaturated 
acid, by the action of NaOBr on acetyl-cyclopentane, and by ring contraction 
of chloro-cyclohexanone, m.p. 23-24®, with the aid of KOH in EtOH {Favor- 
ski, C. 1916 I 984). The 2-methyl derivative has been obtained from the 
corresponding a-acetylcarboxylic acid and from 2 -methyl- 1 -acetyl-cyclo¬ 
pentane (p. 60) {Hopff, Ber. 66 , 482; Nenitzescu, ib. 66 , 811. 

1-Methyl-cyclopentane-l-carboxylic acid, b.p. 219®, is prepared from 
1-methyl-cyclopontyl-Mg-halide with CO^ {Tchitchibabin, C. 1913 I 2028), 
3-Methyl-cyelopeiitane-l-cacboxylic acid, b.p. 116®/16 mm., [a]D —6-89®, is 
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formed by the action of Mg and COj on 3-Me-cyclopentyl iodide {Zelinsky^ 
Ber. 35, 2690) or by that of alcoholic KOH on chloro-methyl-cyclohexane of 
m.p. 66—66® {Favorski^ C. 1916 I 984). It is isomeric with cyclopentane- 
acetic acid (cf. below), CgHjCHjCOOH, which Baeyer has prepared (Ber. 29, 
1907) by decarboxylating the condensation product of iodo-cyclopentane and 
Na-malonic ester. 1-Phenyl-cyclopcntane-l-carboxylic acid, m.p. 166-167®, 
and l-phenyl-3-mcthyl-cyclopentanc-l-carboxylic acid, m.p. 124® are obtained 
by the mild oxidation of the corresponding aldehydes {L^vy, C. r. 187, 46). 

Two modifications of cyclopciitane-t,2-dicarboxylic acid are known. The 
cis form, m.p.l34—136® {Wassertnanny Helv. 13, 207, 223), which forms an 
anhydride, is obtained by method 6, p. 20, or by heating cyclopentane-1 yl- 
2y2-tetracarboxylic actdy which is obtained from trimethylene bromide, sodium 
and malonic ester {Perkiny J. 66 , 580; KotZy J. pr. 64, 394). The trans 
acid, m.p. 182®, can be resolved by means of the brucine salt into the d-acid, 
m.p. 181®, [alD+87-6®, and the i-acid, m.p. 180-181®, fajo — 86*9®. At 300® 
it undergoes rearrangement to form the cis-anhydride {Perkiny J. 66, 688; 
Goldsworthyy Perkiny 106, 2639, 2664). 

lylySyS-Cyclopentane-tetracarboxylic acidy which is obtained similarly, on 
heating gives cis-(Jyclopcntanc-l,3-dicarboxylic acid, nor-ramphoric acidy 
m.p. 121®, anhydride m.p. 161®. This is also formed by ozonisation of 3,6-endo- 
methylene-/1^-tetrahydrophthalic anhydride {Diels, Ann. 478, 162). It 
undergoes partial rearrangement into the trans acid, m.p. 88®, when heated 
with hydrogen chloride {PospischtUy Ber. 31, 1960). Perkin and Scarborough 
have resolved the latter into optical antimers (J. 119, 1400). Camphoric acid, 
which is a i,2,2-trimethyl-cyclopentane-l,3-dicarboxylic acid, is described 
in the section dealing with camphor (p. 304). 

(]ycIopentane-l,2,3-tricarboxylic acid, C 5 H 7 (COOH) 3 , cis m.p. 184®, trans 
m.p. 169—170®, is obtained from a,a'-dibromo-adipic ester and Na-malonic 
ester or Na-cyanacetic ester. The primary product of the condensation, 
the 1,2,2,3-tetraearboxylie ester, is first hydrolysed and then the tetracarboxy- 
lic acid is heated {Perkin et al., J. 119, 1400; 126, 1492). 

Cyclopcntane-l,2,4-triearboxylic acid is obtained from 1,1,2,2,4,4-cyclo- 
pcntane-hexacarboxylic ester which is prepared according to method 6, p. 20, 
by treating the di-sodium salt of pentane-1,3,5-hexacarboxylic ester with 
bromine. Trans-cyclopentane-1,2,4-tricarboxylic acid, m.p. 129®, is obtained 
from the cis acid by heating with cone. HCl (Perkin et al., J. 77, 294; 105, 2639). 

zl^-Cyclopenteno-carboxylic acid, CsH^-COOH, m.p. 121®, was prepared by 
Baeyer from the corresponding aldehyde (p. 54) by oxidation with AggO {Unon, 
Ann. chim. (11) 1, 6) or from cycloj>entanoiie-cyanhydrin through the unsatur¬ 
ated nitrile {Cook, Linstead, 3. 1934, 956). KMn 04 oxidises it to glutaric acid. 

/CHg—CCOOH 

/1^-Cyclopentene-l,2-dicarboxylic acid, CHj/ || , m.p. 178®, 

^CHa—C-COOH 

is obtained from a,a'-dibrorao-pimelic acid by means of NaOEt (p. 19), and 
from l,2-dibromo-cyelopentane-l,2-dicarboxylic acid, which is prepared by 
brominatmg cyclopentane-dicarboxylic acid, by treatment with EtOH and 
KI. It readily adds on 2 Br and is converted into adipic acid by fusion with 
potash {Willstattery Ber. 28, 655). zJ^-Cyclopentene-l,3-dicarboxylic acid, 
m.p. 160*6®, is prepared from 1,1,4,4-butane-tetracarboxylic ester by ring 
closure, reduction and dehydration {Nandi, J. Indian Ch. Soc. 11, 277). 

Bis-cyclopentadicne-carboxyiic acid has been mentioned (p. 60) in con¬ 
nection with cyclopentadiene. 

CYCLOPENTANE FATTY ACIDS 

Cyclopentyi-acetic acid, CgHgCHjCOOH, b.p. 226—230®, amide m.p. 146®, 
was prepared by Wallach (Ann. 368, 304) by treating cyclopentanol-acetic 
ester with HBr and reducing the resulting product, while W. Hvjckel 
(J. pr. 142, 206) has obtained it, through cyolopentenyl-acetic ester, from 
cyclopentanone and bromo-acetic ester. 
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a-Cyclopentyl-propionic acid, CH 3 CH(C 5 Hg)COOH, b.p. 238-6-2410, has 
been prepared from cyclopentyl bromide and methyl-malonic ester with Na. 
Methyl-cyclopentyl-wMonic ticid, m.p. 160—151®, is first obtained and loses 
COj at 1800 (TchitcMbabin, C. 1933 II 3409). 

Naphthenic Acids The petroleum from many sources, e.g. that 
from the Caucasian region, Rumania, North Germany, California, 
and Japan, is mainly a mixture of hydrocarbons as yet incompletely 
known: cycloparaffins (the so-called naphthenes) are characteristic 
constituents and are accompanied by relatively small amounts of 
naphthenic acids. These acids are probably the result of a secondary 
process during the refining process, in which atmospheric oxygen is 
involved. The investigation of these acids is of importance in the 
problem of the constitution of the petroleum hydrocarbons. Prelimin¬ 
ary experiments have shown that heating under pressure (cracking) 
and the “berginisation” of petroleum can also throw light on 
the nature of the hydrocarbons contained therein (Ipatiev, Ber. 63, 
156; Orlov, Ber. 63, 2179). 

Painstaking investigations have shown the low-boiling fractions of these 
acids are mainly composed of two paraffin-carboxylic acids, CeHigOg and 
C 7 H 14 O 2 . The middle fractions consist of saturated monocyclic acids of the 
general formula CnH 2 n- 2 G 2 » whi(;h have been found to be alkylated carboxylic 
acids of the cyclopentane series up to CJ 2 H 22 O 2 and have becui termed “naph¬ 
thenic acids”. It is difficult to isolate them from the mixtures; Marbtcnikov 
(Ann. 307, 367) was the first to succeed in preparing a pure individual aenl 
The high-boiling fractions contain mainly bicyclic compounds CnH 2 n -402 
ranging from C 13 H 22 O 2 to C 22 H 40 O 2 . 

In crude Rumanian petroleum no low-boiling naphthenic acids are present. 
They are presumably formed by the oxidation of the hydrocarbons during 
the distillation process. Galician and Japanese petroleum, which are rich 
in paraffins, are free from bicyclic compounds, but 111 addition to monocyclic 
acids, contain relatively large amounts of paraffin-carboxylic acids {Tchit- 
chibabin, C. 1930 11 2854). 

There are great difficulties in the way of separating the homologous 
naphthenic acids, because the differences of boiling points are small, not 
only for the acids, but also for their esters. The amines, which display much 
greater differences in boiling points, are more easily fractionated. They are 
prepared either by the degradation methods of Hofmann and Curtius, which, 
however, involve great losses, or, prefi-rably, by the hydrazoic acid method 
of K, Schmidt {v. Btaun, Ann. 400, 105). 

An improved method of separating such a mixture of amines was worked 
out by V. Braun (Ber. 06, 1373). It is based on the differential behaviour of 
their benzoates when subjected to hydrolysis by cone. HCl. 

V. Braun succeeded m obtaining individual acids by a somewhat compli¬ 
cated way, which is indicated in the scheme below. 'J'he bromides were 
condensed i^ith malonic ester, and the resulting dicarboxyhc esters were 
combined with urea to give ureides; these were submitted to fractional 
crystallisation and then oxidised to regenerate the original acid (Ann. 490,114): 
red malonic ester 

R COOH- -^R.CHjBr --s-R OHj CHlCOOR), 

HBr Na 


urea 

-^RCH,CH 


•RCOOR. 


1 General surveys: Naphtali, Chemie, Technologie und Analyse der 
Naphthensauren, Stuttgart 1927. — v. Braun, Angew. 41, 29; 44 661- 
46, 231; Ann. 490, 106. ^ & , , , , 
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Constitution of the Acids. — One of the first steps towards the elucidation 
of the constitution of the naphthenic acids was made by v. Braun, when he 
established the fact that in most of them the carboxyl group was primary, 
R'CHjCOOH, by means of his imidochloride method described on p. 16. 

Skraup introduced the method of superheating carboxylic phenyl-esters 
(p. 16) in order to diagnose the linkage of the carboxyl group. The phenyl- 
ester, for instance, of the naphthenic acid CioH^gOg, gave by thermal decom¬ 
position trimethyl-benzyl-cyclopentane: 

McaCgHe • CH^ • COOPh MesCgHg • Cn^Vh. + CO^. 

The acid fraction, CjoHigOg, b.p. 148—155®/12 mm., of Rumanian illumin¬ 
ating oil was converted into the corresponding cyclic a-bromo-fatty acid, 
then into the a,/?-olefinic acid and by isomerisation into a y-lactone. 
This fact indicates the constitution CgHii-CHg-CHg-CHg-COOH for the 
original acid. 

A practicable way of degrading naphthenic acids is through the amines 
to olefins, and then by oxidation to cyclic carboxylic acids and finally to 
ring ketones (p. 17, method 4). From the ketone the length of the original 
side chain which carries the carboxyl group can be deduced. For instance, 

the ketone CgHi 40 , b.p. 172—174®, semicarbazone m.p. 163®, corresponds 
to the acid 

the ketone CigHigO, b.p. 201—204®, semicarbazone m.p. 163®, corresponds 
to the acid C 12 H 22 O 2 ; 

and the bicyclic ketone CnHigO, b.p. 230—238®, semicarbazone m.p. 162®, 
corresponds to the acid C 13 H 22 O 2 ; all have been isolated from Californian 
and Rumanian petroleum. 

3,8,4-Trimethyl-cyclopentane-l-acetic acid, C,oHig 02 , b.p. 144-145®/14 mm., 
Et ester b.p. 113—116®/14 mm., amide m.p. 124®, oceurs in Rumanian and 
Californian petroleum. Its constitution was established by degradation 
through an amine and an olefin to 3,3,44rimethyl-cyclopentanone-], CgHi 40 , 
b.p. 172—174®, whose constitution is discussed on p. 56; also by a partial 
synthesis from the ring ketone by bromo-acetic ester and zinc {Beformatzky^s 
reaction) {v. Braun, Rer. 66 , 1409). 

Naphthenic esters all have a very pleasant smell. The ureides are of 
pharmacological interest as hypnotics. The amines of this series are 
insecticides {v. Braun, Ann. 460, 100). 

A number of a,^-unsaturated acids have been obtained by splitting off 
water from the 1 , 1 -hydroxyacids described below. 

Cyclopentylidene acetic acid, CgHgrCHCOOH, m.p. 64®, b.p. 128-130®/ 
13 mm., undergoes rearrangement when treated with KOH and forms 
zli-cyclopentenyl acetic acid, m.p. 52® {Goldberg, J. 1928, 2343). /J^-Cyclo- 
pentenyl acetic acid, b.p. 94—95®/3mm., is prepared from/1^-cyclopentenyl 
chloride through cyclopentenyl-malonic ester {Noiler, Adams, Am. 48, 2444; 
Kon, Linstead, J. 1982, 2454; French Pat. 728,998). The ester of 2-methyl- 
cyclopentylidene-1-acetic acid, CH 3 05117 : 01100011 , m.p. 108—109®, is formed 
from cyclopcntanonc. Mg and bromoacetic ester. This reaction also gives 
a hydroxy-ester, which, by removal of water and hydrolysis, is converted 
into 2-methyl-^^-cyclopentcnyl-l-acetic acid, an oil, b.p. 150®/28 mm. 
{Bardhan, J. 1928, 2604). a-Cyclopentylidene-propionic acid, m.p. 108®. 
These acids lose OOj on dry distillation and give cyclopentane hydrocarbons 
with semicyclic double-bonds, cf. methylene-cyclopentane, p. 49 {Wallach, 
Ann. 365, 273; Speranski, C. 1902 I 1222). 

Higher cyclopentyl fatty acids and Zl^-cyclopentenyl fatty acids 
with long or alkyl-substituted side chains have been found to be 
effective against tuberculosis and leprosy. Some acids of this type, 
e.g. liydnocarpic Acid, CieHggOg, and ehaulmoogric Acid, CigHagOg, 
occur as dextrorotatory glycerides in plants belonging to the genera 
Hydnocarpus and Taraktogenos. The proof of their constitution is 

Bichter-Anschtitz ii. 5 
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given later in the section Natural Products. Several such fatty acids 
have been prepared synthetically, and have also been found to be 
therapeuticaUy effective. They comprise the following types: 

(a) Saturated and unsaturated acids of the general formula 


I CHa-CHR-COOH (R = hexyl to dodecyl) 

oyclopent(en)yl-a-alkylpropionic acids, from cyclopent(en)yl-Me 
bromide and Na-alkylmalonic esters (Noller, Am. 48, 1080). 

(b) Cyclopentenyl fatty acids of the type 


[ ^>—CH,(CHY),>COOH 

where Y can be H or a monovalent group like Cl, OH etc. They 
are made from Zl^-oyclopentenyl-ethyl bromide and Na-compoun(is 
of substituted malonio esters (Adams, U.S.A. Pat. 1,678,176). 

(c) Saturated acids of the type 


[ ^CHR-COOH and | C 


from cyclopentyl-Mg-Br (Adams et al., Am. 48, 1080; 60, 1503). 
This method furnishes dihydro-derivatives of the natural acids. 

(d) The natural acids themselves are obtained as inactive racemic 
compounds by: m-bromo- -> ca-cyano-undecylic ester + Na -aceto- 
acetic ester + /l^-chlorocyclopentene with repeated hydrolysis. The 
resulting d,?-A-ketochaulmoogric acid 


I V-CH,CO(CH,),.COOH 

is converted into the inactive acid, m.p. 68*5®, by decomposing its 
hydrazone with KOH (Perkins, Am. 49, 1071). 


Hydnocarpic acid, [ (CHahoCOOH, m.p. 69*6®, [a]D 4- 69*4®. 

Et ester b.p. 143—144®/2 mm., alcohol C6H7(CH2)ioCH20H, m.p. 23®, bromide 
b.p. 166-167®/2 mm. 

Chaulmoogric acid, hydnocarpyl-acetic acid, CgH, • (CH 2 )i 2 COOH, m.p. 
68*6—69'5®, [alD + 62,4®, amide m.p. 104® (natural product), has been obtained 
synthetically from natural hydnocarpic acid. The bromide of this acid, 
described above, is caused to react with Na-malonic ester, the resulting 
ester is hydrolysed and COj is removed from the free acid; m.p. 68®, [a]D 
+ 61’9®. By adding HBr and then removing it again chaulmoogric acid is 
converted into an inactive form, m.p. 61—63®. It is oxidised by KMn 04 to 
dihydroxychaulmoogric acid (two isomers) which forms a compound with 
acetone {Barrowcliff, J. 91, 667; Stanley, Adams, Am. 61, 1616): 


(CH3), 

9/% 

CH - CH 

j ^CH—(CH,)i,COOH. 

CH,—OT, 

Both acids, when hydrogenated under pressure in the presence of platinum 
oxide in EtOH, are rendered inactive with formation of dihydro-hydnocarpic 
and dihydro-chaulmoogric acids resp., m.ps. 64-66® and 71-72® (Shriner, 
Adams, Am. 47, 2727). The sequence of reactions which leads from 
hydnocarpic acid to chaulmoogric acid may be applied to the latter 
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acid and yields ehaiilmoogryl-acetic acid, C 6 H 7 (CHj)i 4 COOH, m.p. 72-73®, 
[a]D + 43® (Dyke, Am. 48, 2393). 

Cyclopentane-l-carboxyllc-l-acetic acid, m.p. 160®, anhydride m.p. 32®, 
is prepared from cyclopentene-cyano-acetic ester KCN, the product being 
hydrolysed with HCl (Vogel, J. 1928, 2010). Cyclopentane-2-carboxylic- 

1- acetic acid, cis m.p. 89®, trans m.p. 66®, from the following acid by reduction 
(Cook, Linatead, J. 1934, 966). ^®-Cyclopcntcne-2-carboxylic-l-acetic acid, 
m.p. 166®, is prepared from succinic dialdehyde, malonic acid and methyl- 
amine ; 3-methylamino-cyclopentane-2,2-dicarboxylic-l-(malonic-)acetic acid, 
which is formed first, is subjected to exhaustive methylation (Mannich, Arch. 
Pharm. 270, 286). Cyclopentane-l-carboxylic-l-butyric acid, an oil, see 
p. 160. Cyclopentane-1,1-diacetic acid, m.p. 176—177®, anhydride m.p. 68®, 
results from the corresponding 1,1-dimalonic acid (Kon, Thorpe, J. 115, 686). 

2- Methyl-cyclopentane-l,l-diacctic acid, m.p. 90-91®, anhydride m.p. 198® 
(Bardhan, J. 1928, 2691). 8 -Methyl-cycIopentane-l,l-diacetic acid, m.p. 
134-136® (VogeX, J. 1931, 907). 

The substance obtained by the action of NaOEt on laevulinic ester is pro¬ 
bably methyl-cyclopentadiene-carboxylic-propionic acid, 

.C(CH 3 )=CH (?) 

CH / T 

\C(COOH): CCH 2 CH 2 COOH 

formed by ring closure between two molecules. It melts at 218® with 
loss of CO 2 to form, first, methyl-cyclopentadiene-proplonic acid, 
CfiH4(CH3)(CH2CH2COOH), 

m.p. 66®, and then metliyl-ethyl-cyclopentadiene, C 5 H 4 Me-Et, b.p. 136®. 
These compounds resemble cyclopentadiene (p. 60) in their general behaviour 
(Duden, Ber. 36, 944). 

Kon and Speight (J. 1926, 2727) have prepared a number of (alkyU)cydo- 
pentylidene-malonic esters by treating (alkyl-) cyclopentanones and malonic 
ester with acetic anhydride or with ZnClj + aniline. Vogel ( J. 1928, 2010) 
has obtained the corresponding cyano-acetic esters by an analogous reaction. 
When these compounds are treated with KOH the semicyclic double bond 
moves into the ring; reduction yields saturated esters. The free malonic 
acids lose CO 2 on heating to form acetic acids. Et A^-cyclopentenyl-malonate, 
b.p. 120® from zl^-cyclopentenyl chloride andNa-malonic ester (Noiler, Adams, 
Am. 48, 2444; French Pat. 728,998; Kon, Linstead, J. 1932, 2464). Brit. 
Pats. 348,140, 349,466 describe alkylsubstituted homologues of these esters. 

Hydroxy-carboxylic Acids. —1,1 - Hydroxy - cyclopentanc - carboxylic 

QJJ _QQ JJ 

acid, I * * , m.p. 103®, prepared by Mager (Ann. 275, 333) 

CH 2 —CH2^ ^OH 

from cyclopentanone with HCN and HOI. l-Methyl-3-amhio-cyclopentanecarb- 
oxylicacid, Me.C 5 H 7 (NH 2 )COOH, m.p. 299® (Zelinsky, Bcr.39,1728). Hexa- 

CCI 2 --CCI 2 V .CO 2 H 

chloro-l-hydroxycyclopcntenecarboxylic acid | 

CCl=^ CCl ' 'OH 

tained from the chlorination product of cyclohexene-l,2-dione with sodium 
carbonate or sodium acetate. When heated, it is transformed into an isomeric 
acid, and on boiling with water both these acids give perchloro-indone (vol. Ill) 
(Zincke, Ber. 23, 824; Ann. 272, 243). Trichloro-cyciopentene-dihydroxycarb- 
C(OH)—CCl2y /COjH 

oxylic acid, || , has been found by Hantzach (Ber. 22, 

CCl-CHa^ ^OH 

2827) among the products of the action of chlorine on phenol in alkaline 
solution. 

CH 2 —CHav /OH 

1,1-Cyclopeiitanol-acetic ester, | >C< , b.p. 106-107®/ 

CH2--CH2/ ^CHjCOOEt 


5* 
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11 mm., is obtained by condensing cyclopentanone and bromo-acetic 
ester by means of zinc. By similar reactions S-Methyl-ljl-cyclopentanol- 
acetlc ester, Me.C 5 H 7 (OH)(CH 2 COOEt), b.p. 90—92V11 mm., 1,1-cyclo. 
pentanol-a-propionic ester, C 5 Hg(OH)CHMeCOOEt, and 1,1-cyclopentanoI- 
a-isobutyric ester, C 6 H 8 (OH)CMc 2 COOEt, b.p. 108-1130/11 mm., arc obtained. 
l-Metoyl-3-isopropylcyclopciitane-l-ol-3-carboxyl!c acid, m.p. 113—114®, is 
formed when piperitone (q.v.) is oxidised by Og in alkaline EtOH; it is con¬ 
verted, by elimination of water, into the corresponding ring-unsaturated 
acid, piperitolenic acid^ m.p. bl—b^^{TreihSy Ber. 64, 2545). 2,2,4-Trichloro- 
J*-cyclopentenc-l,3-dihydroxy-l-carboxyIlc acid, m.p. 176—177®, is the 
primary degradation product when phenol is treated with chlorine in alkaline 
solution. Its methyl ester gives with NHg a tnchloro-dihydroxypicoline 
(vol. IV) {Hoffmann, Ber. 22, 1264). 


Keto-carboxylic Acids. —2-€yclopentanone-carboxylic ester, 

OH-—CH(COoR)v 
! “ >00 
OH2 - -OH/ 

b.p. 117®/26 mm., is prepared from adipic ester by method 4a p. 10. It 
displays the typical reactions of aeeto-acctie ester (I, 471). Though con¬ 
taining only 4% of enol, it is strongly acid and the salts are not decomposed 
by CO 2 , which shows that acidity and enol content are not related {Dieck- 
mann, Ber. 65, 2473). For the keto-enolic equilibrium in different solvents 
see ib. p. 2470. Ketonic hydrolysis gives cyclopentanone, acid hydrolysis 
regenerates adipic acid; amyl nitrite 4- NaOEt convert it into a-oximino- 
adipic ester. Haller (Bull. 39 (1926), 1621) has prepared methyl-derivatives: 
l-methyl-2-cyclopeiitanone- and 1,3-dimethyl-2-cycIopeiitanono carboxylic 
esters, b.ps. 108®/22 mm. and 121®/32 mm., both by means of Mel and 
NaOEt; 3- and 4-Methyl-2-cyclopentanone carboxylic esters from a- and 
/?-methyl-adipic esters {Dieckmann, Ann. 317, 27; Bouveault and Loequin, 
C. r. 146, 138; Haller, 1. c.). 


Cyc]opeiitanone-2,3-dlcarboxylic ester, CHj 


«;CO-CH.CO-Et 


< 1 , b.p. 166®/ 

^CHoCH.COoEt 


18 mm., was prepared by Haworth and Perkin (J. 93, 579) from butane- 
1,2,4-tricarboxylic ester by method 4a p. 19. When hydrolysed it loses CO- 

.CO CH. 

and forms €yclopentanone-3-carboxylic acid, CHjC^ I ' , m.p. 

^CHa—CHCOOH 

65®. Stobhe (Ann. 315, 219) obtained a phenyl-cyclopentanone-dicarboxylic 
acid by the same method from 2-phcnyl-l,3,4-butane-tricarboxylic ester. 

.CHj—CH.CO 2 H 

€yclopeiitanone-3,4-dicarboxylic acid, CO<^ I , m.p. 189®, 

^CHg—CH.CO 2 H 

has been prepared by Auwers (Ber. 26,373) from aconitic ester by condensing 
it with Na-malonic ester and degrading the product. 

Dimcthyl-butane-tricarboxylie ester, when treated with Na and Mel, 
gives a trimethyl-cyclopentanone-dicarboxylic ester which is supposed to 
contain a grouping of atoms similar to that in camphoric acid (Mahla, 
Tiermnn, Ber. 33, 1929). For dimethyl-cyclopentanone poly carboxylic acids 
see Toivonen, C. 1923 I 1357. 

CHj—CH(CN). 


l-Imino-2-cyaiio-cyclopeiitane, 


A-Jiaaamv-iu-vj caui.avvj i >C=NH, m.p. 147®, is the 

OH 2 CH 2 

product of the intramolecular condensation of adipic dinitrile under the 
action of NaOEt. 2-Imino-3-cyano-cyclopentwe-l-carboxvlic ester. 

CH^-CH(CN). ^ " 

J \C=NH, m.p. 119*6®, is obtained by a similar reaction, 

CHa—€H(C02Et)/ 
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by the action of Na-cyano-acetic ester upon 1,1-cyano-cyclopropane- 
carboxylic ester (p. 29), in which a,a'-dicyano-adipic ester is possibly an 
intermediate. Treatment with acids converts it first into 3-eyano-2-cyclo- 
pentanone-carboxylic ester^ b.p. 172—174718 mm., then into 2-cyano-cyclo- 
CH2>-CH(CN). 

pentanone, I yCO, b.p. 229®, and finally into cyclopentanone 

CII2- CH2 

{Best, Thor'pe, J. 96, 686). 

A number of 1,2-diketo-cyclopentanccarboxylic acids have been prepared 
by condensing oxalic ester with esters of the glutaric series and of other 
similar acids (method 4 b p. 19), c.g.: 

CO—CH(C02Et). 

l,2-Cyclope]itadione-8^5-dicarboxylic ester, I /CHg, and 

CO—CH(C02Et)/ 

derivatives with Me or Ph in the 4-position {Dieckmann, Ber. 86, 3206; 
Dickens, Kon, Thorpe, J. 121, 1496). Special interest attaches to the ester 
of 4,4-dimethyl-l,2-cyclopent^cdione-8,6-dicarboxylic acid, 

CO—CH(C02H)v 
I >CMe 2 , 

60—CH(C02H)/ 

from which Komppa (Ann. 868, 126), by successive reduction of the 
ketonic groups, has prepared dimethyl-cyclopentane-dicarboxylic acid, 
apocamphoric acid (p. 319). 

By similar syntheses, l,2-cyclopentane-dione-8,4,6-tricarboxylic ester is 
formed from oxalic and tricarballylic esters, 1,2,4-cyclopentane-trione- 
8,6-dicarboxylic ester from oxalic and acetone-carboxylic esters, and 
l,2,4-cyclopentaEe-trione-8-carboxylic ester from oxalic and /?-hydroxy- 
crotonic esters {Rimini, Gazz. 26, II, 374; W. Wislicenus, Ann. 297, 98; 
J. pr. 96, 269; 96, 174). 

2-Methyl -1-acetyl -cyclopentane-l-carboxyl ic ester, 

CH2—CHMcs^^^COMe 

dlHj-CH,/^^\cOOEt ’ 

an exocyclic ketocarboxylic ester, is obtained by method 6, p. 19 {Colman, 
Perkin, Ber. 21, 742). 

4-lsopropyl-zl®-cyclopcntenone-2-carl)oxyIic-l acid, 

C3H,a-CH2v 

II >CH.COOH . 

HC CO/ 

The methyl ester is formed when the cyclopropane ring of tanacetone- 
dicarboxylic acid (p. 32) is disrupted by boiling with NaOMc; MeOH is 
split oil and a five-membered ring is formed (p. 32). The H-atom in the 
1-position between CO and COOMe can be substituted by alkyl groups. 
Hydrogenation gives rise to the saturated ester {Toivonen, C. 1928 II 38). 

Ketocyclopentane Fatty Acids. — Cyclopentanone-8-acetic acid, 

semicarbazone m.p. 199® decomp. Its ester is obtained by ring closure from 
the adduct of Na-malonic and dihydromuconic esters {Farmer, J. 128, 3324). 

1-Acetyl-cyclopentane-l-acetic acid, m.p. 83—84®, is obtained from 
cyclopentane-l-acetic-cster-l-carboxylic chloride by MeZnI {Bardhan, J. 
1928, 2691, 2604). 

Cyclopentanone-2,2-dlacetic acid, m.p. 112®, is prepared from the hydroxy- 
spiro compound mentioned on p. 166, by HBr {Lanfear, Thorpe, J. 128, 
1683). 

Cyclopentylidene- and /l^-€yclopentenyl-succinic acids, m.ps. 206-207® 
decomp, and 167—169®, anhydride of the first, m.p. 63—64®. A mixture of 
their esters is formed when cyclopentanone and succinic ester are condensed 
by means of NaOEt; the acids are separated by CHCI3 {Stoibhe, J. pr. 89, 29). 
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Cyclopeiitylideiie-2-one-l,8-dloxalie acid, C6HeO:(COCOOH)a, m.p. 210® 
decomp. The Et-ester is formed from cyclopentanono, oxalic ester and 
NaOEt {Ruhemann, J. 101, 1729). 


4. CYCLOHEPTANE GROUP 

Compounds belonging to this group have acquired an increased 
interest since it was discovered that they are related to certain 
alkaloids (cocaine etc.), to terpenes (eucarvone) and to the so-called 
pseudo-phenyl acetic acid. The ease of transition from the hepta- 
carbocylic structure into the aromatic structure is often remarkable. 
Syntheses begin in most cases from suberone (MageVy Ann. 375, 356). 


Hydrocarbons. — Cy'cloheptane, suheraney heptamethyleney 
CH,—CH,—CH«v 

I 

CHa—CHjj—CH/ 

m.p. -12®, b.p. 118—120®, dj 0*8276, is prepared by reducing cycloheptyl 
bromide or iodide or by hydrogenating cycloheptene {Seidely Helv. 19, 424). 
As the heat of combustion is normal the ring must be regarded as strainless. 
Suberane is converted into pentabromotoluene by Br^ + AlBrg, and into 
Me-cyclohexane (hexahydrotoluene) by heating with HI {MarkovnikoVy Ber. 
27, R. 47). 

Methyl-cycloheptane, b.p. 133—136®, is obtained from cyclohepianone 
through methyl-cycloheptone {Seidely 1. c.), and ethyl-cycloheptane, C 7 Hi 3 Et, 
b.p. 163®, from ZnEta and cycloheptyl bromide. 

CH—CHa—CHa. 

Cycloheptene, subereney || >CHa, b.p. 116®, has been pre- 

CH-OHa—CHa/ 

pared by Willstdtter (Ann. 817, 218) from cycloheptyl iodide and alcoholic 
KOH, and from cyoloheptylamine, which he converted into cycloheptyl- 
trimethylammonium hydroxide and then distilled. Ruzicka (Helv. 9, 399) 
obtained it by ring enlargement of cyclohexyl-mothylamine with nitrous 
acid, while Rosanov (C. 1924 I 2426; 1930 II 229) heated methylene-cyclo- 
hexane (p. 94) or cycloheptanol with anhydrous oxalic acid. For the latter, 
jff-naphthalene-sulphonic acid can be substituted {Seidely 1. c.). It unites 
with bromine to form an unstable dibromide. For the addition of phenyl 
azide to cycloheptene v. Alder, Ann. 601, 8 . 




iOMe, b.p. 138®, is prepared 


CHa—CHa CH; 

J^-Methyl-cycloheptcne, I vv. 

CHa—CH 2 -€Ha^ 

from Me-cycloheptanol by heating with KHSO 4 . It is oxidised by KMn 04 
to «-acetyl-caproic acid. Nitrosochloride m.p. 106® ( Wallachy Ann. 846, 139). 

CHa—CHa—CHav 

An isomeric hydrocarbon, Methylcne-cycloheptane, I ^C=CH 2 , 

CHa—CHa—CHj/ 

b.p. 139®, has been obtained by Rosanov (C. 1930 11 229) by distilling 
suberene-acetic acid or by treating cycloheptyl carbinol with oxalic acid. 
Nitrosochloride m.p. 81®. Oxidation with KMn 04 gives first the glycol 
(C 4 Hia):C(OH)CHaOH, m.p. 60®, and then hydroxy-suberane-carboxylic 
acid (p. 74) and suberone {Wallack, Ann. 346, 146). 

CH: CH—CHav 

/d^'®-Cycloheptadiene, hydrotropilidene, | yCHg, b.p. 121 ®, 

CH: CK-OH/ 

is a distillation product of the quaternary ammonium bases which are ob¬ 
tained by the exhaustive methylation of various amino-cycloheptenes (see 
below); some of these are obtained synthetically, and others are de¬ 
gradation products of tropine. The compound adds on bromine to form 
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an oily 1,4-dibromide. This, when heated with quinoline, splits off 2HBr 
and gives: 

CH—CHiCHv 

Cycloheptatriene^ ^ropt7idetie, || ^CH|, b.p. 116°, the dibromide 

CH—CH: CH/ 

of which is transformed into benzyl bromide by heating with HBr to 100® 
{Willatditer, Ann. 817, 204; Ber. 31, 1544). 

A tetramethyl-cycloheptatriene, 

MejC-CH: CMe MegC—CH*—C: CH* 

j ^CMe or j ^CMe 

CH:CH—CH CH:CH—CH 

b.p. 67—68°/ll mm., is prepared from cucarvone and MeMgl, the correspond¬ 
ing tertiary alcohol being an intermediate {Rupe, Ber. 44, 2702). 

Cycloheptine, C,Hio, b.p. 120—126®, can be obtained from 1,2-dibromo- 
cycloheptane with alcoholic KOH {Markovnikov, J. pr. 49, 430; Aim. 827, 67; 
Favorsky, Ann. 890, 122). 

Alcohols. — Cycloheptanol, suheryl alcoholy C 7 H 13 OH, b.p. 184®, has been 
obtained by Oodchot (C. r. 171, 1378), together with suheryl pinacoly by 
reducing suberone with Na and EtOH, or by hydrogenating it catalytically. 
It is converted into hexahydrotoluene by reduction with HI {MarkovnikoVy 
Ber. 80, 1216). Chloride b.p. 174®, bromide b.p. 101®/40 mm., iMde d^^ 1*672, 
phenylurethane m.p. 86 ®. Cycloheptylamlne, C 7 H 13 NH*, b.p. 169®, is obtained 
from suberone oxime by reduction, or from suberane-carboxylic amide with 
KOBr {MarkovnikoVy Ber. 26, R. 813; Willstattery Ann. 317, 219). 

1,1-Methyl-cycloheptanol, (C 7 Hi*):C(OH)Me, b.p. 183-186®, is obtained 
from suberone and MgMel. 

2-Methyl-cycloheptanol-l, cis b.p. 191®, trans b.p. 194®, from the ketone 
by reduction with H + l*t in AcOH or with Na -f- EtOH. Phenylurethanes 
m.ps. 40—41® and 69-60®. Mono-phthalates m.ps. 86 ® and 98®. 2,2-Dimethyl- 
cycloheptanol-1, b.p. 196—197®, is obtained similarly from the corresponding 
ketone by reduction with Na and moist Et*0; phenylurethane m.p. 9*^ 
{Oodchoty Bull. 13 (1913), 12; C. r. 190, 642; Meerweiny Ann. 396, 200). 
When this compound is heated with ZnCl* water is split off and the ring 
contracts; id^-isopropyl-cyclohexene and probably 2,2-Me,-J^-cycloheptene 
are formed {Meerweiny J. pr. 104, 289). 

Cycloheptane-1,2-diol, cis m.p. 46®, from cycloheptene with KMn 04 ; 
trans. m.p. 63®, from cycloheptene oxide with boiling dilute HCl {BoesekeUy 
Rec. 40, 629). Cycloheptene oxide, b.p. 161®, is prepared from cycloheptene 
with pcrbenzoic acid. It gives with NH4OH 2-amino-cycloheptanol, m.p. 
72—78®, hydrochloride m.p. 116—116® {Oodchoty C. r. 184, 208; 196, 1680). 

Cycloheptenyl-ethyl ether, C 7 HiiOEt, b.p. 174®, is made from cycloheptene 
dibromide (p. 70) with alcoholic potash. 

Cycloheplyl carhinol, C 7 Hi 3 CH*OH, b.p. 80-90®/!6 mm., is obtained from 
bromide with Mg and trioxymethylene. Bromide b.p. 81—82®/16 mm. 
(v. Braun et al., Ber. 69, 1081). 

Cycloheptyl-methylamine, C 7 Hi 3 *CH*NH*, b.p. 193—196®, is prepared 
from the amide of cycloheptane-acetic acid with bromine and alkali. 
Nitrous acid acts on this compound to give cyclo-octanol (p. 76) together 
with cycloheptyl carhinol {Wallachy Ann. 868 , 327). 

CH,—CH*—CH*. 

J®-Ainlnooycloheptene, I >CH.NH* b.p. 166®, is obtained 

CH*- CH: 

from d®-cycloheptene-carboxylic amide with KOBr. When methylated it 
gives zl‘-dimethylamino-cycloheptene, C 7 HiiNMe 2 , b.p. 188®, which is also 
obtained from cycloheptene dibromide (cf. above) with NHMe*. It is isomeric 
with the two meihyl-tropanea which Willstdtter isolated from the degradation 
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products of the alkaloid tropine and which he assumed to be Zl®- and 
A^-Me^-amino-cycloheptenes (Ann. 317, 204 et seq.). zl^-Dimethylamino-cyclo- 
heptene, C 7 HiiNMea, b.p. 188®, is prepared by reducing the (bromo-) 
tropane methohalides (vol. IV). 

CHa—CH^— 

Aldehydes. —Cycloheptanc aldehyde, | \CHCHO, an oil 

CHa—CHa—CHa 

which smells like benzaldehyde, is formed by the action of dilute sulphuric 
acid on the glycol of methylene-cycloheptano (p. 70) {Wallachy Ann. 
345, 149). 

CHa—CHa—CHa. 

/d^-Cycloheptenyl aldehyde, j yG-OYLO, semicarhazone,m.p. 

CHa—CHa—CHa^ 

204®, also has a marked odour of benzaldehyde. It has been prepared from 
the nitrosochloride of methylene-cycloheptane by removal of HCl and 
treatment of the resulting oxime with acid. It is oxidised by silver oxide 
to cycloheptene-carboxylic acid (see below). 

CHa—CHa—CHa. 

Ketones. - Cyclohoptanone, s'uberone, | ^CO, b.p. 179®, 

CHa—CHa—CHa^ 

semicarhazone, m.p. 164®; oLtCxf-dibramide, m.p. (Oodchot, C. r. 174, 
618), has an odour of peppermint and is obtained from 1,4-dibromo- 
butane and acetone-dicarboxylic ester {v. Brauriy Her. 46, 1792), 
by distilling calcium suberate, by distilling free suberic acid with 
catalysts such as iron filings + BaO (Germ. Pat. 356,622; Vogely 
J. 1929, 721), or, in good yield, from the corresponding dinitrile 
by Ziegler's method (cf. method 8 p. 21, and large rings p. 79). 
It is also formed, together with cyclo-octanone, by ring enlargement 
from cyclohexanone (p. 109) by treatment with diazo-methane 
(Mosettigy Am. 52, 3456). It is oxidised to pimelic acid. Like 
cyclohexanone (p. 109) it condenses with benzaldehyde: dibenzyl- 
idene compound m.p. 108® (Einhomy Ber. 29, 1600). Suberone oximey 
C 7 Hi 2 (NOH), m.p. 23®, b.p. 230®, undergoes rearrangement into 
f-heptalactam (I 451) when treated with cone, sulphuric acid. 

Alkylated cycloheptanones are obtained from suberic acids alkylated in 
a- or jS-position. 2-Mcthyl-cydoheptaiione-l, b.p. 185-186®/760 mm., gives 
an oily oxime. 2,2-Diinethyl>cycloheptanone-l, b.p. 191-192®/770 mm., 
oxime m.p. 83®, is obtained from suberone with Mel and NaNHg {Qodchoty 
C. r. 188, 794). The dimethyl derivative is the product of an interesting 
pinacolin rearrangement of isopropyl-cyclohexyl-pinacol (cf. ring transitions 
p. 13). Its constitution was established by oxidation to OL-keto-PyP-dimethyU 
adipic acid {Tarhouriech, C. r. 166, 76). 

||2,2,3-Trimethyl-cycloheptanone-l, CjoH^gO, has been converted by means 
of formic ester into 3,3t4-trimethyl-A^-cycloheptene-l-aldehydey Ci,H,oO 
(French Pat. 744,344): 

H 9. H (9®^®^® 9 hc.oh 

H 3 C.C—C-C—CHj 8 hcoor H 3 C.C—C-C C 

- l)H CH, - (!)Hs 


red. 

-H,0 


[ 9^® 

=0 

H,i—CH,-in. 


H b 

HoOC^-C-C 
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CHj—CH—CHv 

zl^-Cycloheptenonc-1, a,)3-«ti6erenone, tropilene, | /CO, b.p. 

CHg—CHj—CH/ 

186—188®, is formed by exhaustive methylation of tropine or tropidine 
methiodide (vol. IV), and by elimination of H-halide with aniline from 
a-bromo- or a-chloro-subcrone. It gives suberone on catalytic reduction and 
adipic acid on oxidation {Kdtz, Ber. 44, 464; Ann. 400, 72). 

CHa—CHg—CO. 

-d®-2-Metliylcycloheptenone, | >CMe, b.p. 200-206®. Wal- 

CHj,—CHj—CH^ 

lack obtained the oxime of this compound by removing HCl from the nitroso- 
ohloride of <d^-Me-subereno (Ann. ^5, 145). 

Cyclohoptylidene-acetone, C 7 Hi 2 :CHCOCH 3 , b.p. 98®/10 mm., and 
J^-(YcloheptenyI-acetone, C 7 H 11 CH 2 COCH 3 , b.p. 96®/13 ram., are prepared 
from the corresponding substituted acetyl chlorides with MeZnI. Semi- 
carhazones, m.p. 172—173® and 128—129® decomp. {Kon et al., J. 1929, 1435). 

2,6,6-TrimethyI-/l^ ^-cycloheptadienone-l, eucarvone, CioHi 40 , b.p. 86 ®/ 
12 mm. (p. 249), is obtained by ring enlargement from the hydrobromide 
of the hydroaromatic compound carvone on removal of HBr. When ex¬ 
posed to air in alkaline alcoholic solution or when gently oxidised by 
H 2 O 2 in MeOH it is converted, first into the substituted cycloheptenone oxide, 
C 10 H 14 O 2 , b.p. 106—110®/20 mm., and then into the mono-methyl-ether of the 
corresponding glycol, CuHjgOs, b.p. 136—137®/20 mm. On autoxidation or 
by vigorous action of warm hydrogen peroxide water is split off with the 
formation of a bicyclic condensation product, CgoHjjgOg (p. 163), of which 
two isomeric forms, m.ps. 216® and 217®, are known. Their aemicarbazones 
melt at 266® and 264® resp. (Treihs, Ber. 66 , 1483). 

Carboxylic Acids. — (^ycloheptane-carboicylic acid, suberane carboxylic 
acid, C 7 H 13 CO 2 H, b.p. 139®/16 mm., amide m.p. 196®, has been prepared 
synthetically from 8 uberane-l,l-dicarboxylic acid, the ester of which is 
formed in small quantity when 1 , 6 -dibromohexane reacts with Na and 
malonio ester {Haworth, Perkin, J. 65, 691). Other ways of obtaining suberane 
carboxylic acid are by treating suberyl bromide with Mg and COg in EtgO 
and by reducing various cycloheptene, cycloheptadiene and cyclohcptatriene 
carboxylic acids. It gives with bromine and phosphorus a-Bromo-suberane- 
carbo^lic acid, m.p. 93®. 

This gives by loss of HBr zl^-Cyclobeptene-carboxyiic acid, suberene carb¬ 
oxylic acid, C 7 H 11 COOH, m.p. 54®, amide m.p. 134—135®, which is also formed 
when the isomeric ^^-cycloheptenyi-carboxyilc acid, m.p. 19®, amide m.p. 
168®, is heated with aqueous alkalis. Willstatter has obtained both these 
and other isomeric acids by reducing cyclohcptatriene-carboxylic acids or 
their dihydrobromides (Ann. 317, 234). 

CycIohcptane-l,2,4-tricarboxylic acid, trans, m.p. 198-200®. The triethyl 
ester, b.p. 212—216®/30 mm., is a by-product in the preparation of the penta- 
carboxylic ester (see below) and gives the acid on hydrolysis with cone. HCl. 
The ethyl ester of cycloheptane-1,1,2,4,4-pontacarboxylic acid is obtained 
from pentane-a,a,e,£-tetracarboxylic ester and a,/S-dibromo-propionic ester 
with Na {Goldsworthy, Perkin, J. 106, 2666). Cycloheptane-bcxacarboxylic 
acid, m.p. 177®, is converted by heat into the 1,3,5,6-tetracarboxylic acid, 
m.p. 283® {Meerwein, J. pr. 104, 199). 

Cycloheptadicne-carboxylic acid, CgHgCOOH, m.p. 78®, known as hydro- 
tropilidene carboxylic acid, is a degradation product of hydro-eegonidine, 
(vol. IV). 

Cycloheptatriene-carboxylic acids, tropilidene carboxylic acids, C7H7COOH 
(see p. 166), a, m.p. 71®, amide m.p. 129®; p, m.p. 66 ®, amide m.p. 98®; 
y, liquid, amide m.p. 90®; 6, m.p. 32®, amide 126®. The isomerism is 
due to a different arrangement of the three double bonds. The acids 
unite with HBr to form mono- and di-hydrobromides, and finally tri- 
hydrobromides, while energetic treatment with HBr results in rear- 
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rangement and in the formation of p-toluic acid. Willstatter has obtained 
these acids by decomposing the alkaloid ecgonine, which contains a 
7-membered carbon ring like the related tropine (vol. IV) (Ber. 81, 
*2498). Braren and Buchner (Ber. 88 , 684) have prepared them by rear¬ 
rangement of norcaradiene-carboxylic acid (pseudo-phenylacetic acid). This 
compound is formed from benzene and diazo-acetic ester (I, 468), which 

CH=CH—CHv 

react with liberation of nitrogen. Its formula is I I ^CHCOOH 

CH=CH—CH/ 

and it contains a six-membered ring condensed with a cyclopropane ring, 
of. polynuclear alicyclic compounds, p. 166. Carone, a terpene ketone, 
contains a similar grouping (p. 248). 

Cycloheptylidene-acetic acid, m.p. 64®, anilide m.p. 90—91® and J^-Cyclo- 
heptonyl^acetic acid, b.p. 163®/17 mm., anilide m.p. 79—80®, are both formed 
when suberone is treated with bromo-acetic ester and Zn or Mg. The 
product of the reaction is an equilibrium mixture composed of 26—26®/p of 
the first and 74—76®/o of the second acid. On bromination the first acid gives 
a,p~dihromo-cycloheptyl acetic acid^ and the second the isomeric ^,y-acid, 
m.ps. 126® and 102—103® resp. {Kon et al., J. 1929, 1436). 
1-Hydroxycycloheptane-carboxylic acid, 

CeHia > C(OH)CO*H + V2 HaO, 

melts in the anhydrous state at 79®. It has been prepared by Willstatter {Ber. 
81, 2606) from suberOne with hydrogen cyanide, also from 1 -bromosuberane 
carboxylic acid with aqueous baryta. PbOj oxidises it smoothly to suberone. 
Cone, hydrochloric acid or PCI 5 convert it into the chloro-carhoxylic acid, m.p. 
43® {Spiegel, Ann. 211, 117; Buchner, Ber. 81, 2004). 1-Amlnocycloheptan© 
carboxylic acid, C 7 H 12 (NHa)COOH + HjO, m.p. of the anhydrous compound 
306-307® {Zelinsky, Ber. 89, 1730). 

1-Hydroxycyclohcptane-acctic acid, cycloheptanoUacetic acid 
CeHia> C(0H)CH2C00H. 

The esters of this acid {Me ester b.p. 141—146®/12 mm., Et ester b.p. 134®/11 mm.) 
are the products of the reaction of suberone and bromo-acetic esters with 
Zn or Mg. When heated with KHSO4 the esters lose water and are converted 
into unsaturated esters (cf. above). Hydroxy cycloheptane-acetic acid 
reacts with hydrogen halides to form hromo- and iodo-cycloheptane-acetic 
acids, m.ps. 69® and 81®. These can be reduced to cycloheptane-acetio acid, 
(C^Hial'CHjCOOH, b.p. 166®/19ram., amide m.p. 14:&^{Wallach, Ann. 858, 301). 

Cyclohoptylidene-cyano-acetic ester, b.p. 160®/12mm., has been prepared 
from suberone with cyano-acetic ester and piperidine. When reduced, it yields 
eycloheptyl-cyanoacetic ester, b.p. 149®/! 1 mm., which can be hydrolysed to 
cycloheptyl-malonic acid, m.p. 164'6® decomp. {Vogel, J. 1928, 2013). 

Cycloheptane-l-carboxylic-l-acetic acid, m.p. 169®, is formed from cyclo- 
heptylidene-cyanoacetic ester -f KCN followed by hydrolysis by HCl. An¬ 
hydride m.p. 16® {Vogel, ib.). Cycloheptane-l,l-diacetic acid, m.p. 166—157®, 
has been synthesised by Day, Kon and Stevenson from suberone by condensing 
it with cyanoacetic ester by means of NH 3 and hydrolysing the dicyano-imide 
(J. 117, 639). Anhydride m.p. 76—76®, imide m.p. 177—178®. 

CHjs—CHg - CH^OCOOEt 

Ethyl oycloheptanone -2 -oxalate, 1 >CO , b.p. 

CHg-CJHa-OHg/ 

146—148®/13 mm., from suberone, oxalic ester and NaOEt, together with 
oycloheptanone•2-carboxylic ester, b.p. 136—138®/22 mm. {Kotz, J. pr. 88 , 261; 
Manske, Leitch, Canad. J. Res 14, B, 1). 

6. CYCLO-OCTANE GROUP 

The doubly imsaturated hydrocarbons of the cyolo-octane group 
were, at one time, the object of special interest, because they were 
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thought to be closely related to rubber, but the hypothesis that an 
eight-membered ring occurs in the caoutchouc molecule has proved 
to be erroneous. An alkaloid occurring in pomegranate bark, 
psevdopelletieriney which is closely related to tropine and tropinone, 
does, however, contain this ring and has served as a starting material 
for the synthesis of most of the compounds described below. 

CH,—CHj—CH,—CH, 

Cyclo-octane, I 1 , m.p. 13—14°, b.p. 148‘6—149*5°, 

CH, 

d 4 0*830, is obtained when either cyclo-octene or /5-cyclo-octadiene is reduced 
on Pt or Ni with Hj, and also from the hydrazone of cyclo-octanone with 
KOH {Vogel, J. 1929, 721; Zelinsky, Ber. 68 , 148). It is oxidised by nitric 
acid to suberic acid {Willatdtter, Ber. 41, 1484). 

Cyclo-octene, C 8 H 14 , b.p. 143—144®, is obtained, together with polymerised 
products, when cyclo-octanol is treated with phthalic anhydride or with naph- 
thalene-sulphonic acid {Oodchot, C. r. 185, 1202; Buzicka, Helv. 14, 319) and 
also by ring enlargement on heating cycloheptyl-carbinol (p. 71) with ThO, 
(Bosanov, C. 1930II 229). It unites with phenyl azide {Alder, Ann. 601, 8 ). 
1-Methyl-zl^-cyclo-octene, b.p. 168—160°, is obtained by distilling in vacuo the 
unstable tertiary alcohol obtained from cyclo-octanone and MeMgl. Nitroso- 
chloride m.p. 107-108° {Oodchot, 1. c.). 

CHj—CH=CH—OHj, 

d^'*-Cyclo-octadiene, | I , b.p. 39°/16 mm., d 4 0*884, 

CH*—CH=CH--CH 

is formed, together with small amounts of an isomeric bicyclic hydrocarbon 
(p. 167), by distillation of the quarternary ammonium base obtained by ex¬ 
haustive methylation of N-methyl-granatenine, a reduction product of 
V-pelletierine (vol. IV) (See the similar synthesis of cycloheptadienc from 
tropane p. 70.) Cyclo-octadiene is a mobile oil of penetrating odour; the 
vapour is poisonous. It polymerises readily, even at ordinary temperature, 
and with explosive rapidity when heated, forming a dicyclo-octadiene, 
(C 8 Hi 2 ) 2 » lu.p. 114°, and a poly cyclo-octadiene, (CgHu)!, an amorphous mass 
melting above 300°. Cyclo-octadiene is converted by ozone into the diozonide, 
C 8 Hi 204 , which is decomposed by water, forming succinic dialdehyde. It 
combines with HBr to give a dihydrobromide, C 8 Hi 4 Br 2 , b.p. 160°/12 mm., 
which yields, by the action of caustic potash or of quinoline, a /5-cyclo- 
octadiene, b.p. 143°, isomeric with the starting material. This compound 
has a pleasant odour and does not show any tendency to polymerise {Will- 
statter, Ber. 40, 967). 

CH 2 —CH=CH—CH 

Cyclo-octatriene, | ll , b.p. 147*2-148*2°, has been 

CHa—CH=CH—CH 

synthesised by Willstatter (Ber. 44, 3423; 46, 523) by distilling the methylated 
base obtained from a-dimethyl-granatenine (vol. IV) in a vacuum. It is a 
mobile oil with a sweetish odour, and gives an oily dibromide. 

CH—GH=CH—CH 

Cyclo-octatetrene, || || is a yellow oil, m.p. —27®, 

CH—CH=CH—CH 

b.p. 42«2~42*4®/17 mm., 0*925, which has been obtained, also 
by Willstatter, from the methiodide of tetramethyldiamino-cyclo- 
octadiene by means of Ag20. Dibromide, m.p. 70—71*5® (Ber. 44, 
3442; 46, 517). Though its formula seems somewhat similar to the 
Kekule formula for benzene, cyclo-octatetrene is very unlike benzene 
and displays a strongly unsaturated and distinctly aliphatic character. 
It resinihes on standing in air or when treated with a mixture of 
nitric and sulphuric acids, it is oxidised violently by KMn 04 and is 
readily reduced oatalytically to the saturated cyclo-octane. 
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The reasons for this profound difference between cyclo-octatetrene and 
benzene are not yet fully understood, and further work on the behaviour 
of the cyclo-octatetrene deriv^ives is needed. It may be connected with 
certain requirements in space 4.rrangement which must be satisfied in order 
that a completely conjugated system, like benzene, may exist. The quantum- 
mechanical aspect of the problem has been discussed by Penney (Proc. 
Roy. Soc. A 146, (1934), 223); he finds that in ring compounds of the general 
formula (CH)^ the effect of the various exchange energies and interactions 
leads to a maximum of stability when n = 6. 

When the acetate of 2-hydroxy-dicoumarone, CigHioO;j, which is a conden¬ 
sation product of 2-coumaranone (vol. Ill), is heated with HCl and acetic 
acid under pressure, a reddish product is formed which has the dimolecular 
formula, C32Hig04, m.p. > 300®, with sublimation. It is a complicated deri¬ 
vative of cyclo-octatetrene {Fries, Ber. 44, 114): 



Cyclo-octanol, azelaol, CgHigOH, m.p. 14—15®, b.p. 106-108®/22 mm., 
phenylurethane m.p. 62®, is prepared from cycle)-octanone (see below) by 
reduction with Na and EtOH. The pinacol, CgHi 4 (OH) *(110)081114, m.p. 
93—94®, is formed at the same time {Oodchot, 0. r. 185, 1202; Ruzicka, Hclv. 
14, 1319). It is also obtained from cycloheptylmethyl-amine (p. 71) by ring 
‘enlargement by means of nitrous acid {Rabe, Ber. 31, 1987; Aschan, Bor. 
82, 1761; Wallach, Ann. 353, 318). a-Methylcyclo-octanol is known in two 
forms b.ps. 100® and 103®/16 mm., one of which is obtained by reducing the 
corresponding ketone catalytically, and the other by reducing it chemically. 
a,a-I)iinethyl-cyclo-octanol, b.p. 91—92®/6mm., is obtained from the ketone 
with Na and absolute EtOH {Oodchot, Chimie et Ind. 1933, Special No. 6 bis). 

Cyclo-octylcarbinol, CaHigOHjOH, b.p. 114-116®/!2 mm., is obtained by 
means of NgOg from Cyclo-octyi-mcthylainino, b.p. 92—94®/12 mm., which 
is prepared by dehydrating cyclo-octanone cyanohydrin and reducing 
the cyclo-octcnylcyanide thus formed. /^-Cyclo-octyl-ethyl alcohol, b.p. 
126—127®/12 mm., is the reduction product of the ester of cyclo-octane 
acetic acid (see below) {Ruzicka, Helv. 9, 399; 14, 319). 

Cyclo-octene oxide, m.p. 46®, is obtained from cyclo-octene with pcrbenzoic 
acid {Oodchot, C. r. 192, 962). 


Cyclo-octane aldehyde, CgHj^CHO, b.p. 76—78®/16 mm., has been prepared 
hyRuzicka by the action of alcoholic KOH on the glycidic ester, b.p. 125®/ 
25 mm., obtained from cyclo-octanone with Na and chloroacetic ester 
(Helv. 14, 1319). 

CHg—CH,—CHg—CO 

Cyclo-octanone, azelaone, | I , is obtained as a distil- 

CHg—CHa—CHg—CHg 

lation product of Ca and Th azelainates at 300®, the latter salt giving a yield 
of 26 ®/q {Ruzicka, Helv. 9, 339). The reaction is similar to the conversion 
of suberates into suberone. Vogel has prepared this ketone from the free 
acid by applying his Fe-BaO method (J. 1929, 721), while the best way is 
to treat azelaic dinitrile with phenyl-ethyl-lithium-amide (cf. p. 21 
method 8 and p. 79, large rings). Azelaone is an oil very similar to suberone 
in odour; m.p. 42®, b.p. 197—198®, oxime m.p. 36—36®, semicarhazone m.p. 
168—169®. Oyclohexadecane-l,^’dione, m.p. 83-84®, is a by-product in the 
synthesis. Azelaone is converted into suberic acid when oxidised with KMnOg 
and into azelaol when reduced with Na and EtOH. 
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Oodchot and Cauquil have obtained alkylated cyclo-octanones by a similar 
method from a- and /3-alkylated azelaic acids (C. r. 192, 962; Germ. Pat. 
680,713). 

CH=CH CHa—CO 

zl®-Cyclo-octenonc-l, granatal, I I , b.p. 1S—149IS mm. 

CH—CHa—CHg—CHa 

is obtained from -dimethyl-granatenine (vol. IV) with HCl {WillstdUer, 
Ber. 44, 3334). 

Acetyl-cyclo-octane, semicarhazone m.p. 181®, is prepared from cyclo- 
octene with acetyl chloride and SnCl 4 and subsequent hydrogenation 
{Ruzickuy Helv. 14, 1319), 

Cyclo-octadione-1,5, m.p. 20—24®, b.p. 107—110®/14 mm., disemicarbazone 
m.p. 186®, has been isolated by Harries (Ber. 46, 733, 2690) from the pro¬ 
ducts of ozonisation of regenerated para-caoutchouc, a fact which at one 
time was held to support an 8-ring formula for natural caoutchouc. 

Cyclo-octane-carboxylic acid, b.p. 150®/19mm., is prepared by oxidising 
the carbinol with CrOs {Ruzicka^ Helv. 9, 389), or from cyclo-octyl-Mg-Br 
with CO 2 {Oodchoty Cauquily Chimie et Ind. 19B3, Special No. 6 bis). Amidey 
m.p. 191®. Cyclo-octane-acetic acid, b.p. 130®/! mm., is prepared by catalytic 
reduction of Cyclo-octenyl-acctic acid, b.p. 136—137®/1—2 mm., which is 
obtained through the hydroxy-acid from cyclo-octanone with Zn and bromo- 
acctic ester {Ruzickay Helv. 14, 1319). 


6. COMPOUNDS WITH NINE TO THIRTY-FOUR CARBON 
ATOMS IN THE RING 

This group of related compounds has only recently been studied 
in any detail. Though some of its members have been known for. 
many years, either their ring structure was not recognised, or they 
had not been obtained in a pure state. The interest attaching to the 
group is considerable both from the theoretical and the industrial 
point of view. 

The existence of these compounds conflicts with Baeyer^s strain 
theory, which, on the assumption that the ring is uniplanar, predicts 
a strain increasing with the number of members in the ring. The 
existence of such a strain is not, however, suggested by the striking 
stability of the saturated members of the group, and, especially 
in view of observations made in the smaller rings, the conclusion 
has been drawn that the rings arc non-planar. The values of the 
heats of combustion, which throw light on the energy content and 
hence the ring strain in a system, give support to this conclusion 
(see p. 10). 

The view that the space arrangement of the multi-membered 
rings is a kind of closed zig-zag doubled chain very similar to that 
found in the aliphatic hydrocarbons, finds support in other of 
their physical properties, such as melting point, density, mole¬ 
cular volume, compressibility etc. These have been discussed 
already in the introduction of the section on alicyclic carbon rings 
(p. 8). 

X-ray investigation of certain of the cyclic ketones in the liquid state 
also shows that the molecule is longer in one direction than the other 
{KatZy Z. Phys. 46, 392). The ketones from Cjg to have been studied 
as monomolecular films on water {Buchnery KatZy Samwely Z. phys. 
Chem. B 5, 327) and compared with the long chain fatty acids; it is 
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known that films of the latter consist of hydrocarbon chains standing 
vertically to the water surface. The higher ketones closely resemble 
the fatty acids and their molecules must consist essentially of a 
doubled chain; with the lower members there are abnormalities, 
the causes of which are not yet fully known. 

Some ketones of this series, both saturated and unsaturated, are industrially 
important since they represent, either as such or in the form of their 
lactones, the odoriferous principles of musk, a most valuable ingredient in 
perfumery. 

The first investigation into this subject was carried out in 1906 by H. Wal- 
haum (J. pr. 78, 488). Musk is contained in a gland of the male musk deer 
{Moschv^ nwschiferus, Cervidae), of Eastern and Central Asia. The odoriferous 
principle can bo distilled with steam. After removing the impurities, Wal‘ 
haum succeeded in isolating a ketone, which he called muscone and to which, 
with great probability, he could attribute the formula CigHsoO. He prepared 
a number of characteristic derivatives. This is the odoriferous principle 
of the valuable musk perfume. The odoriferous principle of civet, the secre¬ 
tion of a gland common to both sexes of the Abyssinian civet cat Viverra 
civetta, was isolated by Sack in 1914 (Chem.-Ztg. 39, 638). After removing 
acid and basic impurities he obtained a ketone C 17 H 30 O, civetone, and charac¬ 
terised it by a number of derivatives. L. Jtuzicka entered this field of research 
in 1926. With the help of numerous co-workers he developed methods suitable 
for the systematic synthesis of compounds of this class and for disclosing 
their inter-relationships; these are described in a long series of valuable papers 
published in the Helvetica Chimica Acta, vols. 9 to 14. We owe most of our 
present knowledge of the subject to his work. Immediately after the 
publication of Muzickd'a first paper on the structure of civetone, 
Walbaum published (J. pr. 118, 166, 166) the observations which he had 
made years before on the transformation products of muscone. 

The chief starting materials for the synthesis of these polycarbocyclic 
compounds are the saturated and unsaturated a>,a>^-dicarboxylic acids of the 
straight-chain aliphatic hydrocarbons. New methods of preparation for these 
acids were discovered by Chuit. Their Th- and Y-salts are distilled in a 
high vacuum at 300°, metal turnings being added to aid in heat conduction. 
Ring ketones containing one C less than the acids are formed in a relatively 
good yield, as in the preparation of cyclic ketones of lower molecular weight. 
There are two by-products of the reaction: the first is the methyl alkyl 
ketone, which is formed by a secondary reaction of the dicarboxylic acid, 
and can be readily removed with bisulphite; the second is the symmetrical 
monocyclic diketone of twice the molecular weight, which can be separated 
owing to its higher boiling point. The latter side-reaction makes it possible 
to obtain carbon rings containing up to thirty-four carbon *atoms. 

The monoketones are reduced by Na -f EtOH or AniOH to alcohols; 
these are dehydrated by KHSO 4 , naphthalene-sulphonic acid etc. to unsatura¬ 
ted cyclic hydrocarbons and these, finally, are hydrogenated to saturated 
cycloparaffins. The reduction can be modified to furnish di-tertiary glycols 
(pinacols) composed of two cyclo-alkyl residues, and other derivatives. When 
treated with Caro's acid the ketones take up oxygen in the position adjacent 
to the CO-group and the lactones mentioned above are formed. Some of 
these, or their parent cc-hydroxy-fatty acids have been found in constituents 
of certain plants {Kerschhaum, Ber. 60, 902). The monoketones are trans¬ 
formed into hydrocarbons by the Clemmensen reduction method, or by treating 
their semicarbazones with NaOEt in a sealed tube at 180°, while the diketones, 
when subjected to Clemmensen's reaction, give a mixture of the corresponding 
monoketone and hydrocarbon. 

The following general scheme of reactions is given instead of data for 
each individual compound; 
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(CH,)„:CH, 



(OH.).: CO (CH,)„: (COOH),-^ 

i I 

(CH,)n: CHOH (CH,)^< >(CH,)^ ^ (CH,)n< >(CH3)n . 

\CH/ \CO/ 


As an example, the cyclic monoketone CjoHagO has been prepared either 
by distilling the Th-salt of the dicarboxylic acid CijH 3 g(COOH) 2 , or by the 
partial reduction of the diketone C 2 oH 3 e 02 , which is obtained as a by-pro¬ 
duct, together with the ketone CioHjgO, on distilling the Th-salt of the 
dicarboxylic acid C 2 Hig(COOH) 2 . 

Another route to multi-membered rings has been discovered by Demjanov 
(C. 1903 I 818; 1904 I 1214; cf. Ruzicka, Helv. 9, 399), in which a cyclic 
ketone is converted into a secondary alcohol with one more carbon atom in 
the ring, according to the following scheme: 


CHg 


CH 2 


- HOW /N - —H.O X 

(CH2)^^C0-> (CH2)^C(0H)CN - ->(CH2)^C.CN 


CH 


CH 2 

-(CH2)^CHCH,NH, 




HNO, 

CHg 


CH, 

(CH,)^CHCHjOH (CHj)„; CHOH. 

CH, 

normal product abnormal product 


In the last reaction of the series two products can be formed, one the normal 
product with the same number of atoms in the ring, and an abnormal product 
which is the result of ring enlargement. The side-reaction does not take 
place with the lower cyclic ketones up to cyclohexanone; with cyclo-octanone, 
however, the reaction product contains 60®/© of the cyclo-octyl carbinol 
which would be expected, and 40®/© of cyclononanol. Another side-reaction 
which occurs is the loss of water from the secondary alcohol to give a hydro¬ 
carbon with a double bond in the ring. 

The yield of ketones obtained by distilling the rare earth salts of di¬ 
carboxylic salts falls with increasing molecular weight to a few percent and 
even less. Much better yields are obtained by a method devised by K. Ziegler^ 
which consists of the ring closure of dinitriles by means of phenyl-ethyl- 
lithium-amide as a condensing agent. He prepared suberone with a yield 
of 80—90®/©, cyclo-octanone with a yield of 30®/©, the ketones derived from 
cyclopentadecane and cycloheptadecane in yields as big as 37—44®/© and 
62®/©. These yields are approximately ten times greater than those previously 
obtained. The reaction proceeds according to the general scheme (Ann. 
604, 94; Ber. 67 A, 139); 


/CN PhKtNLI /C:NH /CO hydrolysis /CO 

R< -R< I - ^ R< I - ^ R<( 1 . 

\CH,.CN \CH.CN \CH.CN N3H, 


In accordance with the historical development of the subject an account 
is first given of the compounds of this group which occur in nature 
and of their derivatives, and then of the compounds obtained synthetically^ 
arranged according to their functional groups, together with their most 
important constants. 
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Muscone, 3-{p-ymethyl-ci/clopentadecano7ie-J, 3-methyl-exaltone, C„H„0, 

I I , b.p. 142—143®/2 mm., [a]D—10®6' forms about l*2®/o of 

CO-CHj .. , , 

the contents of the musk gland. It is a clear, somewhat oily liquid and nas 
a very strong characteristic odour. Oxime m.p. 45®,'iso-oxime m.p. 90—9o , 
semicarhazone m.p. 134®. It is very stable under ordinary circumstances 
towards KMn 04 , acids and alkalis. Reduction with Na and amyl alcohol gives 
the corresponding alcohol, miisco], CigHgiOH, m.p. 38®, b.p. 140®/1 ni^m., 
[a]D + 14*9®, phenylurethane m.p. 97—98®. This gives the unsaturated hydro¬ 
carbon musccno, GieHan, b.p. 120®/1 mm., [a]D — 8 * 8 ®, by loss of water. 
The ketone is converted by the Clemmensen reduction process into the satur¬ 
ated hydrocarbon muscane, m.p.— 19®, and by CrOa-oxidation into methyl- 
tridecane-dicarboxylic-l,13-acid, m.p. 68 ®, together with simpler dicarboxylic 
acids. Syntheses of muscone have been carried out by Ziegler (Ann. 512, 
164) and by Ruzicka and Stoll (Hclv. 17, 1308). 

.(CH 2 ),.CH 

Civetone, A^-cycloheptadecene-l~one, Ct^HooG, CO<; || , m.p. 31®, 

\(CH 2 ) 7 .CH 

b.p. 145®/0*5 mm., and the corresponding alcohol, C 17 H 31 OH, civetol, m.p. 65®, 
occur together in civet in approximately equal amounts of 2 V 2 ®/o“'^^/ 2 °/o 
each. The alcohol is converted into the ketone by oxidising with CrOg or by 
catalytic dehydrogenation. The ketone is also obtained from the Th-salt 
of Zl’-hexadecene-l, 16-dicarboxylic acid. Oxime m.p. 92®, semicarhazone 
m.p. 187®. When hydrogenated under mild conditions by PaaVs method 
civetone is converted into the saturated compound dihydro-eivetonc,c?/c?o/<cp<a- 
decanone^ Cj^HagO, m.p. 63®, which is isomeric with civetol; is also obtained 
by the general method of synthesis from cyclohcxadecane-l,16-dicarboxylic 
acid. Iso-oxime m.p. 123-124®, semicarhazone m.p. 191®. Both the saturated 
and the unsaturated ketone have a strong odour of musk. When hydrogenated 
more vigorously civetone gives dihydrocivetol, Ci 7 Ha 30 H, m.p. 80®, and this 
by loss of water gives the unsaturated hydi'ocarbon civetane, C 17 H 32 , m.p. 47®, 
which is also obtained from civetone by Clemmensen^s method or through the 
semicarhazone. As a by-product of hydrogenation dihydroeivetane, cyclo- 
heptadecane, C 17 H 34 , m.p. 65®, is formed. When civetone is oxidised with 
KMn 04 , 8-ketopcntadecane-l,16-dicarboxylic acid, C 0 [(CH 2 ) 7 C 00 H] 2 , m.p. 
115—116®, azclaic acid € 9111 ^ 04 , m.p. 105®, and suberic acid C 8 H 44 O 4 , m.p. 
140®, are formed. On treatment with CrOa dihydrocivctone gives pentadecane- 
1,16-dicarboxylic acid, m.p. 110 — 112 ®, which is also formed by the action 
of ozone on civetane. Civetane and KMn 04 tctradecane-l,14-dicarboxy- 
lic acid, m.p. 116®. 

Syntheses of unsaturated cyclic ketones of the civetone type have been 
carried out by Ruzicka (Hclv. 15, 1459) from unsaturated dicarboxylic acids. 

There is a remarkable relationship between muscone and civetone on one 
hand and palmitic and oleic acids on the other as was pointed out by Ruzicka: 


(CH2)i2CH.CHa 

Muscone | < 

CO.CHg 

(CH2)i2.CH2.CH3 

Palmitic acid | 

CHgCOOH 


Civetone 


Oleic acid 


CH.(CH2)7. 

I >co 

6h.(ch2)7/ 

CH.(CH2)7.C00H 

CH.(CH2)7.C00H‘ 


Hydrocarbons: Cyclononane, b.p. 170-172®. Cyclodecano, m.p. 9 - 6 ®, 
b.p. 201 ®. Cyclododecane, m.p. 60-61®, b.p. 118®/18 mm. Cyclotrldecanc, 
m.p. 17-18®, m.p. 112-113®/9 mm. Cyclotetradecane, m.p. 52-53®, b.p. 
143®/16 mm. Cyclopentadecane, “exa/tane”, m.p. 60-61®, b.p. 110-116®/! mm., 
b.p. 147-148®/12 mm. 1-Mcthyl-zl^-cyclopentadeccne, b.p. 162-163®/12 mni! 
Cyclohexadecane, m.p. 66-57®, b.p. 170-171®/20 mm. Cycloeicosane, 
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m.p. 45-46®. Cyclodocosane, m.p. 46-46®. Cyclotricosane, m.p. 60®. Cyclo- 
tetracosano, m.p. 46-47®. Cyclohexacosane, m.p. 41-42®, b.p. 218-219®/0-6mm. 
Cyclo-octacosane^ m.p. 47-48®, b.p. 213-214®/0*26 mm. Cyclononacosane^ 
m.p. 46-47®, b.p. 216®/1*1 mm. Cyclotriacontane, CsoHgo, m.p. 63—64®. 
Cyclopentadeclne, CigHas, b.p. 158-169®/14 mm. and Cyclolicptadecine^ 
C 17 H 30 , b.p. 127—128®/0*25 mm., from the corresponding cyclo-olefin- 
dibromides with alcoholic KOH {Ruzicka et al., Helv. 16, 498). 

Alcohols: Cyclononanol, .b.p. 100 — 102®/12 mm., from cyclo-octyl- 
methylamine with HNOg {Zelinsky, Ber. 40, 3277, WilUtdtter et. al., ib. 3876; 
Ruzicka ct al., Helv. 9, 399). Cyclopentadecanol, exaltol, m.p. 80—81®, 
b.p. 146®/0*3 mm. l-Methylcyclopentadecanc-l-ol, methylexaltol, from the 
ketone with MeMgl, m.p. 85—86®. 

Ketones: Cyclononanone, m.p. 29®, b.p. 93—95®/12 mm. {semicarhazone 
m.p. 184—186®). Cyclodccanonc, m.p. 16—17®, b.p. 106—107®/13 mm. {semi- 
carhazone m.p. 206—207®). Oyclo-undecanone, m.p. 9—10®, b.p. 108®/12 mm. 
{semicarhazone m.p. 203—204®). Cyclododecanonc^ m.p. 60—61®, b.p. 
126®/12 mm. {semicarhazone 226—227®). Oyclotridocanone, m.p. 30—32®, 
b.p. 138®/12 mm. {semicarhazone m.p. 207—208®). Oyclotetradecanone, m.p. 

62— 53®, b.p. 166®/12 mm. {semicarhazone 197—198®). Cyclopentadecanono, 
exaltone, apomuscone, m.p. 63®, b.p. 120®/10 3 mm. {semicarhazone m.p. 
187-188®). 2-(a)-Mothylcyclopentadecan-l-one, b.p. 171—173®/12 mra. from 
exaltone by methylating with McMgl {semicarhazone m.p. 149—150®). 
4-(y)-Methylcyclopentadecanone, m p. 28—29®, b.p. 125®/0*6 mm. {semi¬ 
carhazone m.p. IGl—162®). 5*(d-)Methylcyclopentadecaiione, b.p. 125®/ 
0*6 mm. {sem.%carhazone m.p. 164—166®). Cyclohexadecanonc, m.p. 

63— 64®, b.p. 138®/0*3 mm. {semicarhazone m.p. 180®). Cycloheptadecanone, 
dihydrocivetone b.p. 146®/! mm. Cyclo-octadccanone, m.p. 72®, b.p. 
168"®/0*3 mm. {sennearhazone m.p. 184®). Cyclononadecanone, m.p. 72®, 
b.p. 160®/0*3 mm. Cyclo-eicosanone, m.p. 68-59®, b.p. 170-171®/0*3 mm. 
{semicarhazone m.p. 179—180®). Cycloheneicosanono, m.p. 45-46®, b.p. 
l76-177®/0*3 mra. Cyclodocosanoiie, m.p. 30-32®. Cyclotricosanoiie, m.p. 
39®. Cyclotctracosanonc, m.p. 36—36®, b.p. 233—238®/0‘4 mm. Oyclohcxa- 
cosanonc, m.p. 41—42®, b.p. 208—2l2®/0*3 mm. Cyclo-octacosanoiie^ m.p. 
44-46®, b.p. 210®/0-25 mm. Cydononacosanone, m.p. 46—47®, b.p. 220®/ 
0*1 mm. Cyclotriacontanonc, m.p. 63-64® {Ruzicka et al., Helv. 9, 249; 
11, 686; 13, 1152; 14, 1319; 16, 493; Ziegler and Aurnhammer, Ann. 513, 43). 

The odour of the ketones up to Ojg re.serables that uf camphor, C 13 is 
rather like cedar wood with a faint suggestion of musk, C 14 smells distinctly 
of musk, and this odour reaches it full strength in C 15 and its derivatives 
with Me in 3-, 4- and 5-positions The odour is weaker in the 2-mcthylated 
ketone and decreases progressively from to C\g. 

Ring substituted derivatives of this group are described by Ruzicka, 
Helv. 14, 1319. 

Diketones: Cyclodccane-l, 6 -dIoiie, m.p. 100® {dtoxime m.p. 231®), 
from /l®>^®-oetalin with O 3 (IT. Iluckel et al., Ann. 474, 121; Ber. 66 , 563), 
€yclohexadecanc-l,9-dione (abbrev.: Cie-l,9-dione), m.p. 83—84®. Cig-1,10- 
dione, m.p. 96—97®. Cgo-ll-dionc, m.p. 61®. Cgg-Ll^-dione, m.p. 55—. 66 ®. 
C 24 - 1 ,13-dione, m.p. 64—65®. Cgg-LH-dione, m.p. 68—69®. C28-l,15-dione, 

m.p. 72-73®. O3o-l,16-dionc, m.p. 78-79®. C 32 -l, 17 -dione, m.p. 77-78®. 

C34-l,18-dione, m.p. 84® {Ruzicka et al., Helv. 11, 496; 13, 1162; 14, 1319). 

Triketones: CagHgoOg, m.p. 76-76®; C 45 H 84 O 3 , m.p. 89®. 

Unsaturated Ketones: Cyclohexadeceiie-8-one-l, m.p. 23 ®, from 
heptadecene- 8 -dicarboxylic acid-1,17; cyclo-octadoccne-O-onc-l, m.p. 38®, from 
nonadecene-9-dicarboxylic acid-1,19. 
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ym2)m 

For hicyclic ketones of the ceneral formula CeH 4 <; 

NCH,)n 

Helv. 16, 1220 . 

Some of the cyclic ketones mentioned above give rise to large ring 

/CO 

ce-lactones of the general form (GH 2 )n<^ I , when treated with Caro's acid. 

Several of these have a strong odour of musk. The following may bo 
mentioned: 


^CO see Ruzicka, 



171—174®/14 mm. from exaltone. Lactone, C 17 H 32 O 2 , m.p. 40—41®, b.p. 
162—163®/2 ram. from dihydrocivctone. The lactone, C 14 H 30 O 2 , dihydro- 
amh'<^ettolidey m.p. 33—34®, b.p. 188®/!5 mm., is also obtained from 
ambrettolide (1, 454) by hydrogenation {Kerschbaum, Ber. 60, 902; Ruzickn^ 
Helv. 11, 1159; Stoll, Helv. 18, 1087; Carothers, Am. 57, 935; Brit. Pat. 
294,602, 306,362). 


Ib, MONONUCLEAR HEXACARBOCYCLIC OR 
HYDROAROMATIC COMPOUNDS 

CYCLOHEXANE DERIVATIVES 

BY FRANK ROCHUSSEN 

It was pointed out in the introduction to the carbocyclic com¬ 
pounds that the hydroaromatic compounds would be separated 
from the series of homologous ring systems and treated in a separate 
chapter as a class of their own. While they are related to the 
benzene derivatives and can be converted into them, they are not 
aromatie in chemical character. Their behaviour and that of the 
homologous ring systems resembles that of aliphatic compounds. 
This fact is the reason for placing them here between the aliphatic 
and the mononuclear aromatic compounds. Together with the 
polynuclear aliphatic compounds which follow and with the terpene 
group they form a natural bridge between the two main groups of 
organic substances, the chain compounds and the benzene derivatives. 

The parent hydrocarbon of the hydroaromatic compounds is 
cyclohexane (hexahydrobcnzene), to which cyclohexene (tetrahydro- 
benzene) and cyclohexadiene (dihydrobenzene) are related, just as 
a paraffin is related to an olefin and a diolefin with the same number 
of carbon atoms. 

In their chemical behaviour the cyclohexanes, which are isomeric 
with the olefins which contain the same number of carbon atoms, 
resemble the paraffins, and they are cycloparaffins (see p. 1). Tetra- 
hydrobenzene is a cyclo-olefin and dihydrobenzene a cyclo-diolefin; 
benzene itself, on Kekule's formula, is the simplest possible cyclo- 
triolefin (see p. 2 and vol. III). 

The reduction of aromatic compounds to cyclohexane derivatives 
does not, in general, take place at all easily. The first successful 
method was discovered in 1897 by Sabatier and Senderens, and 
consists in passing the vapour of the aromatic compound mixed with 
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excess of hydrogen over hot finely-divided nickel; by this means 
aromatic hydrocarbons, phenols and anilines can be readily reduced 
to the corresponding cyclohexane compounds (Ann. chim. phys. (8) 
4, 319; 10, 527). 

This classical method of reduction has been developed in many 
directions by a number of investigators (Pool, Willstdtter, Adams, 
Adkins and others) and by industrial organisations (hG. Farben- 
industrie, Deutsche Hydrierwerke, Imperial Chemical Imlustries, etc.). 
As catalysts for hydrogenation Pd-black, Pt-black, Pt-oxide, Fe, 
Cu etc. are used as well as Ni; sometimes the metal is deposited 
on the surface of an inert substance, such as the sulphate or 
carbonate of an alkaline earth. In many cases the catalytic? 
reduction can also be carried out at a low temperature, e.g. in sol¬ 
vents such as EtOH and AcOH at room temperature. 

When aromatic compounds are subjected to this process of cata¬ 
lytic hydrogenation, all the theoretically possible geometrical or 
optical isomers are formed as a rule. They can be separated by the 
ordinary methods. A rule put forward by Skiia (Ann. 431, 1) says 
that cis isomers of hydrocarbons, alcohols and amines are formed 
preferentially when the reduction is carried out in acid solution, 
while trans isomers are formed in alkaline or neutral solution. More 
recently, however, exceptions to this rule have been found both by 
Skita himself (Ber. 66, 1014; 68, 1346) and others (Auwers, J. pr. 
124, 209), and it must be applied with caution in questions of the 
configuration of geometrical isomers. The density and refractive 
index of a cis form are as a rule higher and the molecular refraction 
is lower than the corresponding values for a trans form (rule of 
Auwers and Skita, Ann. 420, 91; Ber. 63, 1792; see condensed ring 
systems p. 171). Trans isomers show very little tendency to undergo 
change of configuration, but the cis isomers are less stable. Rules 
which hold good for reduction with nascent hydrogen, e.g. the 
1,4-addition to conjugated double bonds, cannot be applied in all 
cases to catalytic reduction. The mechanism of catalytic reduction 
has been investigated by PoUmyi (Trans. Farad. Soc. 30 (1934), 
1171). A survey of hydrogenations carried out with Pt or Pd in 
solvents has been published by Vavon, Bull. 41 (1927), 1253. 

Berthelot (1867) first effected the reduction of benzene to cyclohexane. 
It was obtained pure by Baeyer (1894) in the course of an investigation 
in which he demonstrated how the simplest representatives of the hydro- 
aronlatic bodies — cyclohexane, cyclohexene and cyclohexadiene — could 
be prepared from cyclohexane-1,4-dione, a decomposition product of succino- 
succinic ester (p. 112). Before beginning a detailed description of the hydro¬ 
aromatic hydrocarbons, it may be well briefly to indicate the nature of 
Baeyer^s experiments by means of a diagram. The numbers following the 
names refer to the formulae in the diagram. 

Cyclohoxane-l,4-diono(l) can bo reduced to quinitol (2), which is converted 
by HBr into 1,4-dibromo-cyclohexane (3), and by HI mainly into the iodo- 
hydrin of quinitol (4), and partly into diiodo-cyclohexane. The iodohydrin 
can be reduced to cyclohexanol (6), which can be obtained more simply 
from cyclohexanone (p. 109); with HBr or HI, cyclohexanol gives bromo- 
cyclohoxane (6) or the corresponding iodo compound (7). If bromo-cyclo- 
hexane is heated with quinoline cyclohexene (tetrahydrobenzene) (8) is 
formed, and similarly dibromo-cyclohexane gives cyclohexadiene (dihydro¬ 
benzene) (9). lodo-cyclohexane (7) is reduced by zinc dust and acetic acid 
to cyclohexane (10): 


6* 
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/CH 2 CH 2 . 

CHBr< >CHBr 


CH—CHx 

->m( >CH 

NCH^.CH/ 

(9) or 

CH.CH^v 

->CH< >CH 


(1) 

/CHa-CHas. 

C0< >CO 

^CHa-CHo/ 


/Cfla-CHa. 

HO.CH< >CH.OH 

^CIL.CHa^ 


/CHa-CHa. 

CHI< >CH.OH 

\CH«.CHa/ 


^CHa-OHas^ 


"^CHoCHo/ 


/CHa-CHav 

CHaC >CHBr 

^CHoCHo/ 


^CHa-CHas^ 


/CHa. CH. 

CH2< ■ ’>^2 CH2< \CH. 

\CHa. CHa^ ^CHa • CH/ 

The linkages in benzene are in a fundamentally different state, because 
of the complete conjugation of the double bonds, from those in its reduction 
products, cyclohexadiene, cyclohexenc and cyclohexane. The evidence for 
this statement which has alwoys been quoted is the heats of combustion 
of the hydrocarbons, as measured by Stohmann; these values are probably 
not very accurate; they are shown in the following table together with the 
value for hexane. The table also gives the densities and boiling points of 
the hydrocarbons. As Baeyer pointed out (Ann. 278, 115), the differences 
between these figures would be the sam(5 if the changes involved in the 
successive reductions were the same. 


b.p. 80*40 
b.p. 83*60 


di8 0*8799, 
dao 0*8478, 


CeHe (C.) 779*8 } .p v . 68-2 kcal 

CeHs (C.) = 848*0 1 7 44.9 l^-P* 83'6o dao 0*8478, 

CeH,o (C.) = 892*0 { Z lU S b.p. 8 O 0 or 86-870 dao 0*8102, 

CoH,a (C.) 933*2 ) 1 b.p. bP dao 0*7788, 

(C.) - 991*2 } ^ b.p. 690 a 0-6603. 


CeHi4 (C.) - 991*2 ) ^ b.p. 69o dao 0*6603. 

The special nature of benzene is shown more clearly by the more accurate 
and direct determinations of the heats of hydrogenation of unsaturated 
hydrocarbons by Kistiakowsky and his co-workers (Am. 57, 66, 876; 68, 137, 
146; 69, 831). The following table gives the heat effect on reduction of the 
first double bond of the compounds shown. 

Cyclohexene H ~ — 28.69 kcal. per mol. (heat evolved) 
Cyclohexadiene — — 26.76 „ „ „ „ „ 

Benzene -f 6.67 „ „ „ (heat absorbed) 
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Baeyera^ strain theory (p. 7) was based on the idea that all the carbon 
atoms of an alicyclic compound lie in one plane. Theoretical considerations 
of models as well as exiDcrimental results have made it necessary to modify 
this view. It is held at present that only rings of five or less members are 
umplanar, while rings of more members are arranged in three dimensions. 
The following are the most important reasons for this opinion: 

The heat of combustion per methylene group for the cycloparaffins reaches 
a constant vahio with cyclohexane and cycloheptane, and is then equal to 
that of a methylene group in an open chain compound in which there can 
be no strain (cf. table p. JO; see also Ruzicka, Helv. 16, 162). 

Recent researches of Ruzicka (Helv. 9,10,11) and of Kerschbaum (Ber. 60, 
902) into multi-membered cyclic ketones (p. 77) and lactones (I, 454), 
both natural and synthetic, have demonstrated a degree of stability for 
these large ring structures quite at variance with the predictions made by 
the classical strain theory. 

The conceptions now generally adopted were first deduced by Sachse 
(Z. physik. Ch. 10, 203; 11, 186; Ber. 28, 1366) from a consideration of the 
tetrahedral model and have been further developed by Mohr (J. pr. 98, 349; 
Ber. 56, 230; see also Roeaeken^ DerXy Rec. 39, 183; 40, 529; 41, 327, 
388). The carbon skeleton of cyclohexane is assumed to exist in two 
spatial modifications, represented by figs. (1) and (2) respectively. The 
four C-atoms 2, 3, 6 and 6 of both forms are arranged in one plane, 
while the two remaining C-atoms 1 and 4 are situated both on the same 
side of that plane in the “boat-form” fig. (1), and on opposite sides in the 
“chair form” fig. (2). One form can be transformed into the other by a 
slight perturbation, as the models indicate, and it can be shown that the 
energy required for this transformation is very small, much less than the 
excess of energy which the strain theory would predict on the assumption 
of a planar arrangement from the necessary deflection of valencies. 



The stereoisomerism of decalin (decahydronaphthalene, p. 171) discovered 
by W. Huckel (Ann. 441, 42 ; 602, 99) has nothing to do with Sachse's cyclo¬ 
hexane models, because both decalins can be deduced from either of Sachse'^s 
two forms. For cyclohexane itself the separate existence of a cis and a 
trans form has not been established and is very unlikely; claims have 
been made that this isomerism has been detected, but they have been 
disproved {Linsteady J. 1936, 1063; Ooldschmidty Ber. 68, 279). Among 
the various intermediate states between the boat form and the chair 
form of cyclohexane the plane form is never present, as an experimental 
investigation of the strain of bicyclo-heptane and bicyclo-octane indicates 
{Bredty J. pr, 147, 28). The high value of the parachor, + 8*2, as against 
4 -6*1 with benzene, gives further support to the view of a three-dimensional 
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arrangement of the cyclohexane ring {Ray^ J. Ind. Chem. Soo. 12, 764). 
Finally, recent researches into the fine structure of molecules, particularly 
the diagrams obtained by the diffraction of electrons {Wierl, Ann.Physik 8, 
621; Mark, Z. angcw. Chem. 44, 631; Pauling, Brockway, Am. 69, 1228) 
give strong support to the Sachse-Mohr theory. 

A most fruitful method of synthesising hydroaromatic compounds, known 
as the diene synthesis'\ has been discovered by Diels and Alder (Ann. 460, 
98; 486, 191 etc.); ((d. general methods of formation of cycloparaffins p. 21). 
The method can also be applied to multinuclear, bicycjlic and heteroc 5 ’^clic 
compounds. It starts from hydrocarbons which contain two conjugated 
double bonds, that is to say from compounds derived from butadic^ne, 
CH 2 —CH—CH----GH 2 . These are combined with oxygen-containing com¬ 
pounds of the type >C—CH—C^O, which likewise contain a pair of 
conjugated double bonds. The simjdest representative of this latter 
group is acrolein, CHg^CH—CHO; maleic anhydride is often used. The 
reaction is one of simple addition but does not result in a molecular 
compound. Carbon atoms are linked together and quite new compounds 
are formed which may partially revert into the components. In most 
cases the reaction takes place at ordinary temperatures, not infrequently 
with development of heat, though the higher members of each series as 
a rule require to be heated more or less strongly. The course of the reaction 
appears to be as follows: the double bond between the carbons of the oxygen- 
containing reactant changes into a single bond, the free valencies of these 
atoms unite with the C-aionis m the terminal positions of the butadiene, the 
two double bonds of the butadiene are replaced by one double bond between 
the central atoms: 


CH-CH. 

*. ‘ HjC'^ ^ CH2... butadiene 

4* 

.. ■ CH 2 =CH—CHO acrolein 

I 

CH=CH 

H.0/ )>CH, Zl®-tetrahydro- 

CHa—CH—CHO benzaldehydo 


CH/5iif^( 

...HC-==CH 
od;—0—io 


^CH • • • cyclopentadiene 

+ 

I • • • maleic 

anhydride 


/CH=-CHv 

HC(^ —(jHg ^CH 2,6-endomethylene- 
^CH CH^ zl®-tetrahydro- 

I I phthalic anhydride. 

OG—0—CO 


The reactants are thus linked to each other, as TJdele's ideas on 
addition in the 1,4-position w^ould predict, without any shifting of the 
atoms. When the methylene group in cyclopentadiene is substituted by 
ethylene (Zl^'^-cyclohexadiene) or oxygen (furan) or by longer chains or 
rings, as e.g. in the phellandrenes (p. 211), p-endoethylene, p-endoxo- and 
similarly substituted compounds are formed by reactions analogous to the 
one shown. Patents on the subject are French Pat. 663,664, 672,025. 

This diene synthesis, which perhaps can be compared with the Grignard 
synthesis for flexibility and scope, is regarded by the discoverers as of 
importance in the biological synthesis of many natural substances, especially 
of terpenes and alkaloids, because it occurs with such ease. In pure chemistry, 
apart from its synthetical value, it is very useful for elucidating doubtful 
processes which involve rearrangement and for confirming probable formulae. 

The hydroaromatic compounds are characterised by their tendency to 
change into derivatives of five-membered rings. The change in the opposite 
direction docs not take place so frequently (see Ring transitions p. 11). 
The former process has been studied especially in the action of potash on 
the dibromides of hexacarbocyclic ketones, in which the bromine atoms are 
attached to the carbon atom next to the CO group. It is not a question, 
as was formerly believed, of a benzilic acid rearrangement of 1,2-diketone 
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formed as an intermediate product, but a more complicated process. A 
ketol is either formed as such or else a tautomer of the ketol, and in this 
compound the ring opens and an acid is formed which undergoes internal 
condensation to give a hydroxy acid with a five-membered ring. Thus, 
for example, in the conversion of 1,4-methyl-cyclohexanono into 1,3-methyl- 
cyclopentanone, l-methyl-a-hydroxy-cyclopentane-3-carboxylic acid has 
been isolated as an intermediate product, and this acid probably occurs 
in several stereo isomeric forms. Corresponding hydroxy-cyclopentanone- 
carboxylic acids were also detected when l,2-diraethyl-cyclohexanone-5 and 
l,3,3-trimpthyl-cyclohexanone-6 wore converted into 1,3-dimcthyl-cyclo- 
pentanone-4 and l,3,3-trimcthyl-cyclopentanone-5 respectively {Wallach, 
Ann. 414, 296). For the theory of ring contraction see Schenck, J. pr. 134, 215. 

Similar ring contractions, and also ring enlargements from the five- to the 
six-membered ring, have been observed by Meerwein (Ann. 417, 255) in the 
case of certain exocyclic alcohols. When he dehydrated 2,2-dimethyl-cyclo- 
hexanol-1 he observed the formation of 1,2-diniethyl-zl^-cyclohexene, which 
presupposes the migration of a methyl group, and also of J^-isopropyl- 
cyclopeiitene. On the other hand, when l-methyl-l,a-hydroxyethyl-cyclo- 
pentane (obtained from cyclopentanono by a number of steps) is dehydrated, 
1,2-dimethyl-cyclohoxcne is practically the only product; with homologues 
of the former, the loss of water yields cyclopentene derivatives as well. 

A very curious case of the mutual rearrangement of one ring system 
into another is that of 2,2-dimethyl-cycloheptanol-l and l-methyl-l,a- 
hydroxyethyl-cyclohexane. As Meerwein and Schafer (J. pr. 104, 289) 
have shown, both these compounds when dehydrated by means of zinc 
chloride give the same two isomeric hydrocarbons, one containing a 6-ring, 


the other a 7-ring: 

CHa—OH 

CH 3 CH(0H)CH3 

CH(OH)—C(CH 3)2 

1 1 

^C.CH(CTl 3 ), ^ 

V 

CHj, CH, 

CHg—CHg 

/ \ 

1 1 


CH 2 CHa 

OHa CHg 

\ / 

/CHjj—CHg—C. CH 3 -e- '' 

H,C< II 

^CHa—CH 2 —C.CH 3 

1 1 

CHj CHa. 




W. Huckel holds the view that in all ring rearrangements a strained 
ring changes into a strainless ring. The converse process has never been 
observed. Nametkin (“Die Umlagerung alicyclischer Kerne ineinander”, 
Stuttgart 1926) formulates the following general conditions of ring transition: 
ring enlargement occurs only when the side chain of the alicyclic compound 
is attacked by the reagents used; ring contraction is observed when the 
attack is on the nucletis, and not on the side chain, under the conditions 
of reaction. 

The action of free oxygen on unsaturated hydroaromatic compounds has 
been studied by Wienhaus (Angew. 41, 617). In the main the double bonds 
remain intact, while a CHj-group next to a double bond is attacked and 
an unsaturated alcohol or ketone is formed. The action of SeOj on cyclo¬ 
hexenes has been mentioned in the introduction (p. 16). 

French authors often use the designations “cyclanes, cyclenes, cyclanols, 
cyclenols, cycloses, cyclanones, cyclenones” as group names for hexa- and 
tetra-hydrogenated 6-ring hydrocarbons, alcohols, inositols, ketones etc. 
These names have the advantage of brevity. 

Thanks to the development of large-scale hydrogenation processes hydro¬ 
aromatic compounds of all kinds arc now easily available, and many are 
made commercially. They are widely used as solvents and plasticizers in 
the paint and lacquer industry and elsewhere, as motor fuel, as insecticides 
and as fixatives for perfumes, etc. Schrauth (Angew. 85, 26) has given a 
survey of their manufacture and uses. 
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1. HYDROAROMATIC HYDROCARBONS 

(a) Cyclohoxanes, Hexahydrobenzenes (‘^Naphthenes”) 

Hydroaromatic hydrocarbons form a considerable fraction of 
Caucasian petroleum, the so-called naphtha (Beilstein and Kurbatov, 
Ber. 13, 1818); Markovnikov therefore called them naphthenes. In 
addition to these hexahydrobenzenes, Caucasian petroleum also 
contains the isomeric alkyloyclopentanes (p. 47) (Aschan, Ber. 31, 
1803; Ann. 324, 1; “Naphthenverbindungen’', p. 1; v. Braun, Ann. 
490, 100). Cyclohexanes have also been discovered in petroleum 
from New Zealand and Borneo, in low-temperature coal tar, in lignite 
tar and shale tar, hi rosin oil obtained by distilling colophony, and in 
acetone oil, the high-boiling fraction of crude acetone (Easterfield, 
Soc. Ch. Ind. 60, 464; limori. Bull. Tokyo 1 (1928), 5, 8; Pringsheim, 
Angew. 40, 1387). Finally, a “nonanaphthene”, hexahydro-V>-cumene, 
has been found in coal tar (Ahrens, Angew. 21, 1411). 

In the laboratory, the cyclohexanes arc prepared from their 
halogen substitution products by reduction, or by interaction with 
alkyl-magnesium halides. They are obtained most easily by cata¬ 
lytic reduction of the benzene hydrocarbons or of cyclohexenes at 
ordinary or at higher temperatures (Rosenmund, Ber. 64, 638, 1092; 
Zelinsky, Ber. 67, 1066). If higher temperatures are used in the 
catalytic reduction of iDenzene homologucs with fairly long side- 
chains, partial splitting off of the side chain occurs. Thus, from 
propyl-benzene small quantities of methyl- and ethyl-cyclohexanes 
are obtained besides propyl-cyclohexane. At temperatures above 
300® cyclohcxanes are decomposed by nickel, and Hg and the corre¬ 
sponding benzene hydrocarbons are partially regenerated (Sabatier, 
C. r. 132, 207, 631, 1254). This dehydrogenation of cyclohexanes to 
aromatic compounds can also carried out with Se, S, and metals 
such as Pt and Pd; the subject has been reviewed by Linstead 
(Ann. Reports Chem. Soc. 33 (1936), 294). Reduction of cyclohexanes 
to give open chain compounds does not take place at all readily 
(Baeyer, Aim. 278, 88; cf. however Kling, Bull. 41 (1927), 1341). 

When hydriodic acid is used as a reducing agent at an elevated tempera¬ 
ture, alkyl-cyclopcntanes are formed by a process of isomerisation. Thus, 
benzene gives inethyl-cyclopentane as well as cyclohexane (Markovnikov, 
Ber. 80, 1214; Asekan, Ann. 324, 6). 

The hexahydrobenzenes are distinguished from the isomeric olefins by 
their higher specific gravity and by their inability to take up bromine. Like 
the paraffins they react with chlorine or bromine to give monohalogen sub¬ 
stitution products. When the^y are heated with dilute nitric acid, they are 
converted into nitro-substitution products; tertiary H-atoms are replaced 
by the NOj group more easily than others (Markovnikov, Ann. 801, 164; 
802, 1; Nametkm, C. 1910 II 1376). With nitric and sulphuric acids small 
quantities of nitrated benzene hydrocarbons arc produced. 

When cyclohexane and its homologues are distilled with 20—30 per cent 
AICI 3 at a temperature of 120—130*^, only cyclohexane and methyl-cyclohexane 
remain unaffected. 1,2- and 1,4-Dim ethyl-cyclohexane are converted into 
1,3-dimethyl-cyclohexane. The higher members are decomposed into cyclo¬ 
hexene, which polymerises, and the paraffin hydrocarbon which corresponds 
to the aliphatic substituent. Amyl- and isoamyl-cyclohexane, e.g., give 
70% and 42% respectively of n-biitano, w’hile the remainder consists of 
methane, tetramethyl- and pentamethyl-cyclohexane. It will be noticed 
that the side chains are broken up into methyl groups which can become 
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re-attached to the nucleus {Stratford, Ann. Combustibles 4 (1929), 83). A 
general survey of the action of AICI 3 on hydroaromatic compounds has been 
given by Hopff, Ber. 65, 482; cf. also Zelinsky, ib. 1249; Skita, Angew. 45, 
280; Turova-Poliak, Ber. 68 , 1781. 

When heated with AlBr., on a water bath cyclohexane gives 1,2-dimethyl- 
cyclobutane; methyl-cyclopcntane is supposed to be the intermediate. The 
action of Brg and AlBrg converts the hexahydrobenzenes into substitution 
products of aromatic hydrocarbons. 

According to the French Pat. 671,241 and the Brit. Pat. 327,411 a mix¬ 
ture of oily oxygenated products is obtained when eyclohexanes are heated 
with CO under x^ressurc, or with acetyl chloride in the presence the halides 
of B or Al. Some of these have a pleasant odour. 

The simplest “naphthene”, cyclohexane or hexahydrobenzene, is also 
called hexnna 2 )hthene, and its homologues hepta-, octa-, nona-naphtenes. It 
should be, however, remembered that in older literature these names have 
frequently been used for mixtures of hexa- and penta-carbocyclic hydro¬ 
carbons. 


Cyclohexane, Hexahydrobenzene m.p. 6*64® .. b.p. 80'3®/750 mm.* 

Methylcyclohcxane, Hexahydrotoluene m.p. 

— 126-3® . b.p. 100-100*2®/742 mm.* 

1 .1- Dimethylcyclohcxane. b.p, 120®* 

cis-l,2-DiniethylcycIohexane ^Hexahydro-o- ib.p. 126*5®/750 mm.* 
tran8-l,2-Dimethylcyclohexane 1 xylene ib.p. 124-6®/755 mm.* 

cis-1,3-Dlmethylcyclohexane iHexahydro-m- ib.p. 119®/756 mm.* 

trans-l,3-l)imethylcyclohexane i xylene Ib.p. 121*0®/7G0 mm.* 

cis-l,4-Dlniethylcyclohexane ^Hexahydro-p- ib.p. 120-6®/766 mm.* 

trans-l,4-l)iniethyIcyclohexane J xylene Ib.p. 119—119*6®/760 mm.* 

Ethyl cyclohexane m.p. — 128*9®.b.p. r29-5®/750 mm.* 

cis-i,2,3-Trimethylcyclohexane ^Hexahydro- (b.p. 144—14()®/765 mm.* 

trans-l,2,3-Trimelhylcyclohexane ihemimellithene lb.x>. 142—146*5®/762 mm.* 
ci8-l,2,4-Triraethylcyclohexane 1 Hexahydro-v?- |b.x). 141*6®/760 inm.* 
trans-l,2,4-Trimethylcyclohexane 1 cumene lb.x>. 138-6-139*6®/766mm.* 

cis-l,3,5-Trimethylcyclohexane ^Hexahydro- ib.X). 140—140*5®/752mm.* 

trails-1,3,5-Trlmcthylcyclohexane Imesitylenc ib.p. 138—139®/761 mm.* 

1.2- Methylethylcyclohexane . b.p. 151®/750 mm.* 

n-Propylcyclohexanc m.x). — 94*5®* .... b.x). 155®® 

iso-Propylcyclohexane Ill. XI. —90*6®’ .. . b.x). 154-7®/760 mm.* 

1.2.3.4- Tetramothylcyclohexane . b.p. 84®/5 mm. ® 

cis-l,2,4,5-Tetramethylcyclohexane iHexahydro- jb.xi. 17i®/755 mm.* 
trans-l,2,4,5-Tetramethylcyclohexane/durene Ib.p. 169—170®/766 mm.* 
cis-l,3,4,5-Tetrainethyleyclohexane iHexahydro- (b.p. 168—170®/762 mm.* 
trans-l,3,4,5-Tetraniethylcyclohexanciisodurene Ib.p. 162—164®/765 mm.* 
1,3,5-Diniethylethylcyclohexane.b.p. 168-5-170®® 

1.4- Mcthylisopropylcyclohexane, Hexahydrocymene b.p. 167® (see Terpenes) 

n-Butyleyclohexane m.y). — 78-6®* .’ . ... b.p. 177®® 

Isobu^lcyclohexaiie. b.p. 169®/754mm.* 

sec. Butylcyclohexane . b.p. 177-2®/760 mm.* 

tert. Butylcyclohexane . b.p. 167-169®® 

1.3- Biethylcyclohexane . b.p. 169—173®® 

Amylcyclohexane . b.p. 199®® 

Hexylcyclohexane . b.p. 221®® 


References: (1) Timmermans, Belg. 36 (1927), 602. (2) Stratford, Ann. 

comb. 4 (1929), 83. (3) Bmirguel, Bull. 41 (1927), 1476. (4) Eiserilohr, 0. 
1926 I 76. (5) Markovnikov, C. 1899 I 176. ( 6 ) Mitchell, Am. 55, 4278. 

Of these hydrocarbons, cyclohexane, methyl-, 1,3-dimethyl-, 1,3,4-tri- 
methyl- and 1,3,6-dimethyl-ethyl-cyclohexanc have been found in the 
naphtha of Caucasian petroleum, while eyclohexane, methyl-cyclohexane 
and probably a dimethyl-cyclohexane occur in New Zealand petroleum 
{Markovnikov, Ber. 28,1234; Ann. 802, 2; EcLsterfield, Chem. Ind. 1 (1923), 936). 
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Methyl-, propyl-, 1,3-dimethyl- and 1 , 4 -niethyl-iBopropyl-cyclohexane have 
been found in rosin oil. Most of the compounds listed in the table have 
been prepared by reduction of the corresponding benzene derivatives by 
the methods described above. 

Cyclohexane^ hexahydrobenzene, hexamethylene, naphthene* \ 

/CHj—CHgv 

CH 2 <; >CHo, results from the reduction of benzene (Brit. 

Pat. 322,445), of cyclohexcne and of cyclohexadicne (Zelinsky, Ber. 
67,1066), from the catalytic reduction of cyclohexanol (Kling, Bull. 41 
(1926), 1341) or by the action of sodium on synthetic 1 , 6 -dibromo- 
hexane. Small amounts of cyclohexane are formed when n-hexane 
is boiled with moist AICI 3 (Nenitzescu, Ber. 66 , 1895). Pure cyclo¬ 
hexane is a liquid smelling like petroleum ether. Heated with bromine 
to 150®, it yields 1,2,4,5-tetrabromo-benzene; hot nitric acid oxidises 
it to adipic acid (Aschan, Ann. 324, 3). Cyclohexane can be separated 
from benzene by adding certain solvents, e.g. ethylene chlorohydrin 
or glycol monoacetate (Brit. Pat. 324,350). At a temperature of 
700—800® it decomposes, giving some butadiene (Frolich, Ind. Eng. 
22, 240). When it is heated to 500—510® in presence of AJgOa and 
under a pressure of 100—120 atm., methylcyclopentane and benzene 
hydrocarbons are formed (Ipatiev^ Ber. 44, 2987; Ando, J. Chem. 
Soc. Japan 36 (1932), 455; 36 (1933), 396). Lead and tin compounds 
of cyclohexane have been prepared by Oriittner (Ber. 47, 3257) and 
Krause (Ber. 67, 532) from cyclohexyl-Mg-halides and the correspond¬ 
ing metal halides. Zelinsky (Ber. 66 , 1249; Ann. 608, 115) and 
Nenitzescu (Ber. 66 , 969, 1097; 69, 1040) have studied the reaction 
with AICI 3 under varying conditions, with and without acetyl chloride. 
Fuming sulphuric acid converts it at ordinary temperatures into 
benzene sulphonic acid with a yield of 70% (Menschutkin, C. 1930 
II 1541). 

Methyl-cyclohexane, hexahydroioluene^ '‘^heptanapMhene'\ has been ob¬ 
tained by the catalytic reduction of toluene or of a niixture of benzene and 
methane, from cycloheptanol (p. 71) by the action ot HI at 140° {Mar- 
kovnikov, C. r. 114, 1068), and also from synthetic methyl-cyclohexanone 
through the corresponding alcohol {Zelinsky, Ber. 29, 731). Bromine and 
AlBrg convert it into pentabromo-toluene, m.p. 282°. 

1,1-Dlmethyl-cyclohexane, b.p. 119*8°, is formed from 1,1-dimethyl- 
dihydroresorcinol through the steps of the chloride and the alcohol, or 
from acetyl-methyl-heptenone by means of 80% H 2 SO 4 {Crossley, J. 87, 
1487; 119, 271); it is best prepared by hydrogenation of dimethyl-dihydro¬ 
resorcinol on active Pt {Miller, Belg. 44 (1935), 513). On catalytic de¬ 
hydrogenation this comiiound does not behave in the normal way; unlike 
its isomers it remains unchanged {Zelinsky, Ber. 56, 1716). This is scarcely 
surprising, since there are two methyl groups attached to one carbon atom, 
and an aromatic compound cannot be formed unless one of these is lost. 

The trans forms of the three other dimethyl-cyclohexanes are formed 
when the corresponding xylenes are hydrogenated on Ni. When colloidal Pt 
or Pt-black are used, a greater proportion of the cis forms is obtained 
(Zelinsky, Ber. 66 , 1613). For the thermal decomposition of the three 
dimethylcyclohexanes see Arbuzov, C. 1936 II 1156. 

1^2-l)imethyJcyclohexane has been found in Galician petroleum (Sko- 
vronski, C. 1919IV 686 ). LB-Dimethylcyclohexane, hexahydro-m~xylene, '"octa- 
naphthene'**, is obtained from camphoric acid and from Me-cyclohexane- 
carboxylic acid by moans of HI (Loasen, Ann. 225, 10; Aschan, Bor. 24, 2718; 
Wallach, ib. 25, 920; Balhiano, Gazz. 35, I, 144); also from 2,6-diraethyl- 
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cyclohexanol. This substance has been obtained in a feebly dextro¬ 
rotatory form, [a]D + 0 * 8 ®, from optically active 1,3-dimethyl-cyclohexanol. 
1,4-Dimethylcyclohexane has been made synthetically from dimethyl- 
succino-succinic ester {Zelinsky, Ber. 31, 3206; 35, 2680). Ethylcyclohexane 
is obtained from acetophenone by reduction on a Pt-Fe catalyst, together 
with cyclohexyl carbinol and hexahydro-acctophenone (p. 124), also from 
ethyl-benzene on a Pt-PtOg catalyst {Faillebin, Ann. ch. (10), 4, 156, 410; 
van Woerden^ Rec. 45, 124; Adams, Am. 50, 1970). For the preparation of 
mono- and di-alkyl cyclohexanes see Stgnaigo, Am. 55, 3326. 

1,3,4-Trlmothylcyclohexane, hexahydro-pseudocumene , ''nonanapktkene ^’, 
from 2,3,6-trimethyi-cyclohexanol {Zelinsky, Ber. 29, 216), reacts with Brjand 
AlBrg to give trihromo-v>-cumene. n-Propylcyclohexane has been synthesised 
from chloro-cyclohexane, propyl iodide and zinc {Kurssanov, Ber. 34, 2035). 

1,3-Methyl-isopropyl-cyclohexane, m-menthane, b.p. 167®, is formed by 
reduction of its iodine substitution product. 1,4-Methyl-isopropyl-cyclo¬ 
hexane, p-menihane, see p. 216. 1,3-Diethyl-cyclohexanc, b.p. 170°, d 22 
0*7957, is obtoined from 2, 6 -diethyl-cyclohexanol. Phenyl cyclohexane, m.p. 
7®, b.p. 107®/13 mm., is obtained from cyclohexyl chloride, benzene and 
AlClg {Neunhbjfer, J. pr. 133, 95). 

1,2-Dibenzhydryl-cycIohoxane, C 32 H 32 , cis m.p. 174-175®, trans m.p. 
210 — 212 ®, can be prepared from the dimethyl-ether of l, 2 -bis-(diphcnyl- 
hydroxymethyl)-cyclohexane, and also from l,l,8,8-tetraphenyl-octadieiie-l,7 
{Wittig, Ber. 67, 6()7). 


Halogen Substitution Products of the Cyclohexanes. — Methods 
of formation: (1) From the cyclohcxanes by the direct action of a 
halogen. (2) By the addition of halogens or hydrogen halides to 
di- and tetra-hydrobonzenes. (3) By the addition of halogens to ben¬ 
zenes and halogenated benzenes (vol. 111). (4) Prom cyclohexanols 
through the exchange of hydroxyl groups for halogen by means 
of H-halides or P-lialides {ran Woerden, Rec. 45, 124). (5) From 

cyclohexyl ethers with fuming halogen acids and red phosphorus in 
a sealed tube at 200® (Lacourt, Belg. 36, 346). 


The third method has brought to light some characteristic examples of 
isomerism. Two isomeric benzene hexachlorides, and two isomeric chloro¬ 
benzene hexachlorides have been found. This isomerism is geometrical and 
arises from the different positions of the halogen atoms A^hich are added 
on with respect to the plane of the carbon ring, as with the isomeric trithio- 
aldehydes (I 246) and the isomeric cyclopropane, cyclobutane and cyclo¬ 
pentane dicarboxylic acids (p. 30, 39, 63). 

Cis and trans forms of of the dihalogen cyclohexanes and the monohalogen 
alkylcyclohexanes have also been obtained. 


Fluoro-cyclohexane 
Chloro-cyclohexane 
Bromo-cyclohexane.. .. 
lodo-cyclohexane .. .. 

1.1- Methylchloro-cyclohcxane 

1.2- Methylchloro-cyclohexanc 

1.3- Methylchloro-cyclohexane 

1.4- Methylchloro-cyclohexane 

1.2- Methylhromo-cyclohexane 

1.3- Methylbroino-cyclohcxane 

1.4- Methylbromo-cyclohexane 

1.2- Methyliodo-cyclohexane 

1.3- Methyliodo-cyclohexane 

1.4- Mcthyliodo-cyclohexano 
1,2-Dichloro-cyclohexane .. 


13® b.p. 100*2® 

b.p. 142*9®/760mm. 
b.p. 62*5®/13*5 mm. 
b.p. 70—73°/13 mm. 
b.p. 54®/40 mm. 
b.p. 43*5—44®/13 mm. 
b.p. 160® 

b.p. 47*0-47*6®/13*5mm. 
b.p. 62—63®/18 mm. 
b.p. 60—71®/10 mm. 
depending on preparation 
b.p. 68®/20 mm. 
b.p. 97®/30 mm. 
b.p. 61—63®/3 mm. 
b.p. 63®/3*5 mm. 
b.p. 190®/760mm. 
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1,2-Dibromo-cyclohexaiic . b.p. 96o/8 mm. 

IjS-Dibromo-cyclohexane. m.p. 11® 

cis-l,4-l)ibronio-cyclohexaiio.m.p. 48° 

trans-l,4-Dibromo-cyclohexane . rn.p. 112° 


In addition to monochloro-cyclohexano, various di-, tri- and tetrachloro- 
cyciohexanes have been obtained by chlorinating cyclohexane at 0°. With 
KOH they yield cyclohexene, chloro-cyclohexene, chloru-hexadiene, benzene, 
and chloro-benzene {Sabatier, C. r. 187, 240). 

Unlike the alkyl halides, the halogen derivatives of the eyelohexanes 
cannot be converted into the corresponding alcohols, cyanides, rnercaptans 
etc. by the action of alkalies or other compounds of an alkaline reaction, 
such as KCN, KSH, AggO, NHg, sodio-malonic ester etc. With such reagents 
hydrogen halide is lost, and a cyclohexene or cyclohexadiene is formed (see 
Foragher, Am. 48, 1<15; Tronov, Ladigina, Her. (>8, 3000; King, »1. 1085, 982). 
On the other hand, the cyclohexyl magnesium halides can be readily prepared 
(preparation; Gilman, Am. 63, 1946) and can be converted by oxygen into 
the alcohols, and by CO 2 into the carboxylic acids; they react with aldehydes 
and ketones to give exocyclic alcohols. When the vapours of halogenated 
cyclohexanes are passed over hot alumina, hydrogen halide is split off with 
ease and cyclohexencs are formed. 

Cyclohoxyl-silicon trichloride, CeHnSiCla, b.p. 208—211°, is obtained from 
cyclohexyl-Mg-chloride and SiCl 4 {Palmer, J. 1980, 1020). 

a- or trans Benzene hcxachloridc, CgHjCle, melts at 167° and boils at 
218°/346 mm. with decomposition into 3 HCl and 1,2,4-trichloro-beiizeno 
(vol. III). P- or CIS Benzene hexachloride, m. and subhm. p. oiri-. 310°; is 
obtained by the action of chlorine upon benzene in sunlight {Faraday 1826; 
Mitscherlich 1835). Both compounds are produced when chlorine is led into 
boiling benzene {Meunier 1884) or, better, into a mixture of benzene and 
1% NaOH. The a-compound is separated by steam from the less volatile 
/^l-derivative {Matthews, J. 59, 105), or by means of chloroform from the 
less soluble /?-isomcr. The latter is the more stable of the two modifications. 
When heated with alcoholic potash it is converted into 1,2,4-trichloro¬ 
benzene with greater difficulty than the a-cornjiound. It is not affected by 
alcoholic KCN, while the a-isoincr, when boiled with this reagent, gives 
trichloro-benzene. Zinc in EtOH solution converts the a-modification into 
benzene {Zinin, Ztschr. f. Chem. (N. F.) 7 (1871), 284, 293). 

a- and ^-Chloro-benzene hexachlorides, CgHsCl,, m.ps. 146° and 260°, 
yield 1,2,3,5-tctrachloro-benzene with alcoholic potash {Otto, Ann. 141, 101). 
1,2,4-Trieliloro-benzene-hexaehloride, C^H/Jl,, melts at 95°. 

o-Xylene hexaehloride^ CgH4(Me)2Cle, m.p. 194°, b.p. 260-266° {Radzipva- 
novski, C. 1898 I 1010). 

Benzene hexabroinide, C«HeBr<„ a-form m.p. 212°, ^-form m.p. 253°, 
results from the action of Brj upon benzene in sunlight or on heating. 
Both forms split oft HBr to form J,2,4-tribromo-benzene {Mitscherlich, 1. c.). 
The a-form is isomorphous with a-benzene hexachloride {Meunier, C. r. 101, 
378; Matthews, J. 78, 243), 

(b) Cyclohexenes, Tetrahydrobenzenes (“Naphthylenes”) 

A tetrahydrotoluene has been discovered in low-temperature tar from 
East Indian coal, and also, together with mcthylcyclohexane and allied 
hydrocarbons, in rosin spirit {Itassow et al., C. 1926 II 2648). 

Cyclohexenes are produced in the laboratory; ( 1 ) from halogenated 
cyclohexanes by elimination of hydrogen halide by means of alkali, alkali 
carbonate, acetate or phonate, or of tertiary amines, especially quinoline; 
( 2 ) from amino-cyclohexanes by dry distillation of their hydrochlorides or 
phosphates; (3) from the cyclohexanols by dehydration with KH8O4, 1*205, 
dilute H 2 SO 4 , ZnClg, AICI3 or by heating with aqueous oxalic acid {Zelinsky, 
Bor. 84, 3249) or phthalic anhydride, or by catalytic dehydration {Inoue, 
Bull. Chem. Soc. Japan 1 (1926), 219; Lacourt, Belg.36, 346); tertiary alcohols, 
obtained from cyclic ketones and Orignard reagents, lose water on heating. 
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A very mild method of preparing eyclohexenes from cyclohexanols which 
eliminates any danger of isomerisation is that discovered by Tchugaev (Ber. 
82, 3332). The Na or K salts of the cyclohexanols are converted by the 
action of CSg into xanthates; these on methylation give the corresponding 
methyl-xanthates, which, when distilled at ordinary pressure, decompose 
into COS, methyl-mercaptan and the corresponding cyclohexene: 

CnHgn-iO. CS. SMe -- 4 COS + MeSH. 

This method is particularly suitable for the higher alcohols, and has been 
most useful for preparing torpenes. The alkylidene-cyclohexanes which 
contain a semicycltc double bond, such as methylene-, or ethylideiie- etc * cyclo- 
hexanes, are isomeric with the alkyl-cyclohexcnes. These hydrocarbons, 
which are of special importance in the chemistry of terpenes, are obtained 
by removal of COg from the cyclohexene and cyclohcxylidcnc fatty acids 
(p. 133) prepared by the condensation of cyclohexanones with bromo-ali- 
phatic esters and zinc, followed by hydrolysis and dehydration. They differ 
from the isomeric cyclohexenes in which the double bond is in the ring by 
their higher specific gravities, higher boiling points and abnormal molecular 
refractions {Wallach, Ann.800, 36; Auwers, ib. 410, 287). They have a higher 
energy content than their cndocyclic-unsaturated isomers: 

CeHio: CHa = • Me + 21 kcal; C.Hio: CHMe - C^B .^. CHj • Me -f 20 kcal 

{Roth, Z. Elektroch. 17 (1911), 793). On heating with alcoholic sulphuric 
acid the double bond readily migrates and true eyclohexenes result. 

A similar capacity of isomeric change is shown to some extent by all cyclo¬ 
hexenes, especially under the influence of acids, so that the preparation of 
a perfectly homogeneous hydrocarbon, with the obvious exception of cyclo- 
hexene itself, has probably not yet been accomplished. In general, a cyclic 
double bond will only go over to the semicyclic position when a conjugated 
system is set up by the migration (IT. Huckel. “Der gegenwartigo Stand 
der Sparmungsthcorie”, Berlin 1927). 

The eyclohexenes are characterised by their great reactivity. They add 
on NOCl, NjOs and N 2 O 4 to form nitrosochloridcs, nitrosites and nitrosates 
(cf. Terpenes). When treated with benzoyl peroxide they give cyclohexene 
/CH. 

oxides R<' )> 0 , which take up water to form 1 , 2 -cyclohexane-diols 

{Nametkin, Ber. 56, 1803). Some eyclohexenes unite with phenol in the 
presence of glacial acetic and sulphuric acids to give cyolohexyl-phenol; 
e.g. the three methyl-cyclohexenes give the same-p-methyl-cyclohexyl- 
phenol, m.p. 112*5° {Schrauth, Ber. 57, 854). The vapours of eyclohexenes, 
when heated in the presence of Pd-asbestos as a catalyst, decompose into 
aromatic hydrocarbons and cyclohexanes (see above) {Zelinsky, Ber. 57, 1066). 
Eor the separation of these reaction products see p. 90. 

Cyclohcxcnc, Tetrahydrobenzene m.p. — 103*7° b.p. 83*5° 


-Methyl cyololiexene.b.p. 110—111° 

/P-Methylcyclohcxene . .. b.p. 104-106° 

/13-Methyl eyclohexene.b.p. 102-102*7° 

Methylene-cyclohexane.b.p. 102*5° 

l,2-I>imethylcyclohcxonc-l.b.p. 135-137° 

1.4- Dimethylcyclohexene-l.b.p. 127-128° 

2.4- l>imethylcyclohexenc-l.b.p. 127-128° 

8.5- l)imethylcyclohoxenc-l.... . b.p. 126-127° 

4,()-Dimethylcyclohexene-l.b.p. 126—127° 

l-Methyl-4-methyleno-cyclohoxano .b.p. 122° 

Ethylhlene-cyclohexane.b.p. 136-136*4° 

1,8,6-Trlmethylcyclohexene-l.b.p. 139-141° 

l,8-Dimethyl-5-methylene-cyclohexane .. ,. b.p. 136-136° 

Ethyl-4-methylcyclohexene-l.b.p. 153-154° 

1-Propylcyclohexene-l.b.p. 155-156° 
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/CH,—CH. 

Cyclohexene, tetrahydrobenzene, CHj<^ ^CH, b.p. 83'6®, 

CHg—C/H2 

is obtained from monobromo- or monochloro-cyclohexane by heating with 
quinoline or alcoholic potash {MarlcoimiJcov^ Ann. 302, 27), from 1,4-dibromo- 
cyclohexane with Na, together with cyclohexadiene {Prjanishmkov, Ber. 
67, 64), and from cyclohexanol by heating with oxalic acid {Zelinsky, Ber. 34, 
3262) or SOClg {Carri, Bull. 3 (1936), 144), or KH 8 O 4 {Brunei, Bull. 33 (1906), 
270), or by catalytic dehydration {Inoue, Bull. Japan 1 (1926), 219). It 
is a colourless liquid. It smells like kerosene and not of l(*eks, as does 
cyclohexadiene. It gives a yellow colour with cone, sulphuric acid. With 
aliphatic acid chlorides and AlCl, it yields acyl-cyclohexenes, e.g.: with 
acetyl chloride: J^-tetrahydro-aeetophenone together with 2 -chloro-hexa- 
hydro-acetopheiione {Wieland, Ber. 66 , 2246); with n-butyryl chloride: 
n-butyryl-cyclohcxcnc {Darzens, C. r. 161, 758). It forms a very stable 
ozonide CgHioOg, m.p. 76®, which can be recrysta 11 iscd from EtOTT, but is 
decomposed by water with formation of atlipic dialdehydc and adipic acid 
{Harries, Ber. 42, 694; Fischer, Ber. 66 , 1471). Nitrosochloride m.p. lo2® 
{Wallach, Ann. 343, 49). Pseudomtrosite m.p. 146® dec. 

According to Zelinsky (Ber. 63, 2362) the autoxidation of cyclohexone at 
ordinary temperatures yields a reddish resinous mass which contains some 
cyclohexene peroxide. If the oxidation is carried out in the presence of Os 
salts, cyclohexanol iS found among the products {Kotz, J. pr. Ill, 373). 


Mcthylcyclohexcnes, tetrahydrotoluenos, CflH^.Me. Three methyl- 
cyclohexenes are possible, the isomerism depending upon the position of 
the double linkage. 

_CH 

A ' -Methyleyclobcxeno, MoC/ *^CH,, b.p. 110-lU®, tJ„ 0-799, 

^CH,—CHj/ 

is the most stable of the three and is easily obtained from its isomers by a 
shift of the double bond. It is formed, nearly pure, from 1,1- and 1,2-methyl- 
cyclohexanols by elimination of water. Wallach also found that it is prcisont 
in the mixture of hydrocarbons obtained by treating 1,3- and 1,4-rnethyl- 
cyclohexanols with P 2 O 5 or ZnClg. He identified it by its nitrol-piperidtde 
C 7 Hi 2 (NO)NC 5 H|o, m.p. 153°, and by oxidising it to 5-acetyl-valeric acid 
(Ann. 369, 287). 

Markovnikov obtained what seems to be a fairly homogeneous /J®-methyl- 
cyclohexeiie, b.p. 102—102-7°, d^g 0-841, [ajn + 110°, by heating the phthalic 
mono-ester or the methyl-xanthate of the optically active 1 , 3 -rnethyl- 
cyclohexanol; it is also obtained by dehydration of 1,4-methylcyclohexanol 
{Dupont, Bull. Belg. 46, 57). On oxidation with KMn 04 yields /?-methyl- 
adipic acid {Markovnikov, C. 1904 I 1213, 1346). zI®-Methylcycloliexene, 
b.p. 104—106°, d 27 0*7937, [a]j) + 81-47°, is obtained from l-methyl-3-iodo- 
cyclohexane {Zelinsky, Ber. 34, 3262; 36, 2493). A methyl-cyclohexene 
has been obtained synthetically from perseitol (I 681) by heating with HI 
{Maquenne, C. r. 114, 1066). 

An isomer of the tetrahydro-toluenes, methylene-cyclobexano^ 


.CHa—CHgv 

CH2:C< >CH2 

^CHo—CH,/ 


b.p. 102-5°, dj’ ° 0-8036, nm? go 1-46092, is obtained from cyclohexylidene- 
acetic acid (p. 134), and from hexahydrobenzyl iodide with alcoholic potash 
{Wallach, Ann. 369, 2^1; Favor sky, Ber. 40,4863). On oxidation with KMn 04 
it yields cyclohexanone and a glycol, C 7 Hi 2 (OH)a, m.p. 77°, which, on heating 
with dilute H 2 SO 4 , is converted into hexahydrobenzaldehyde. When boiled 
with alcoholic sulphuric acid, it is converted into the isomeric Zl^-methyl- 
cyclohexene. Nitrol-piperidide m.p. 127°. 


Several homologous tetrahydrobenzenes have been obtained, mostly by 
elimination of water from the corresponding cyclohexanols. Their homo- 
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geneity is doubtful, as has been stated. l 92 -Dimethylcyclohexene-l 9 b.p. 
136—137®, nitrosochloride m.p. 88 ®, is also formed from 2,2-dimethyl- 
oyclohexanol, by dehydration and migration of a methyl group (reversal 
of the pinacolin transformation, I 363), together with 2-isopropyl-J*-cyclo- 
pentenone-1; it readily gives a crystalline dibromide, m.p. 164—156® 
{Meerwein, Ann. 405, 147). 1,8-Dimethylcyclohexeno-1, b.p. 124°, 1,4-di- 
methylcyclohexene-1, b.p. 124—126®/761 mm. (Zelinsky, Ber. 41, 2632; 
Auwers, Ann. 410, 267). 2,2-DimethylcycIohexene-l, b.p. 117®, from dimethyl- 
dihydroresorcinol, gives a,a-dimethyl-adipic acid on oxidation with KMn 04 
(Crossley, J. 89, 1554). l,5-l)imethylcyclohexene-l, b.p. 124—126®/760 mm., 
is obtained from methyl-heptenone with P 2 O 5 or ZnClg ( Wallach, Ann. 895, 80). 
8,5-Dimethylcyclohexenc-1, b.p. 126-127®/746 mm. (Auwers, Ann. 410, 267). 
1-Methyl-4-methylene-cyclohexane, b.p. 122®. 1,8,5-Trimethyl-cyclohexene-l, 
b.p. 139—141®/766 mm., nitrosochloride m.p. 134® (ib.). 1,8-Dimethyl-5- 
methylene-cyclohexane, b.p. 135—136®/744 mm. 4-Methyi-4-ethyI-cyclo- 
hexene-1, b.p. 153—154®, nitrosochloride, m.p. 103—104® and 98—99®. /I^-Ethyl-, 
-propyl- and -isopropylcyclohexenes boil at 135®, 155® and 156® resp.; they 
are formed by isomeru; change from ethylidene-, propylidene- and isopropyli- 
dene-cyclohexanes, b.pp. 136®, 168® and 161® (Wallach, Ann. 860, 44). Allyl- 
cyclohcxane, CaHuCH^CHrCHg, b.p. 149®, from cyclohexyl-Mg bromide 
and allyl bromide (Ressiguier, Bull. 7 (1910), 431). 

For stereoisomeric tri- and tetramethyl-cyclohcxfenes see Skita, Ber. 55, 
161; cyclohexyl-propene, -butene, -pentene etc. sec Bourguel, Bull. 41 (1927), 
1476. 

MeC-CHg CMcg 

/I ^-1,5,5-Trimethyl-cyclohexene, (x-cyclogeraniolene, || I 

CH—CHg—CHa 

b.p. 139—141®, is obtained from the unsaturated terpene gcraniolene (p. 207) 
by treating it with sulphuric acid, together with the isomeric p-cyclogeraniolene. 
It is also formed from synthetic dimethyl-heptenol, Me 2 C(OH) • CHgCHgCH: CMg, 
by boiling with phosphoric acid (Harries, Ber. 87, 848) and by the action 
of zinc chloride upon dihydro-isoacetophorol (3,5,5-trimethyl-cyclohexanol) 
(p. 110); it yields a sparingly soluble nitrosochloride and nitrosate (Wallach, 
Ann. 824, 97, 112). 

1-Methyl eno-3,8-dim ethyl -cyclohexane, y-cyclogeraniolene. 


CHazC 


^CHg—CMe 

N)Hj- ch 


•\ 

/ 


CH,, 


b.^). 138—141®/739 mm., is obtained from dimethyl-heptenol and oxalic acid 
at 140—160°. Methyl- and ethyl-y-cvclogeraniolei>e 8 (l-methyIene-2-alkyl- 
3 , 3 -dimethyl-cyclohexanea) are prepared similarly from dimethyl-octenol, 
dimethyl-nonenol and homologiies (Escourrou, Bull. 89 (1926), 1460). 

For allyl-cyclohexenes and cyclohexene-all(yl)ene see Tiffeneau, C. r. 
202, 1931. 

l-Methyl-8-allyl-^°-cyclohexene, CeH8Me(l)C3H6(3), b.p. 171-173®, is 
prepared from 1 -methyl-3-allyl-cyclohexane-3-ol by way of the chloride 
(Zaicev, J. 1101 267). 1-Phonyl-zli-cyclohexene, b.p. 136—138®/25 mm. (Noiler, 
Kaneko, Am. 57, 2442). l-Benzyl-J^-cyclohexene, b.p. 125®/ll-5 mm., from 
1 -benzyl-cyclohexanol -2 or from cyclohexyl-phenyl-carbinol by removal of 
water (Auwers, Ber. 68 , 2174). 2-Benzyl-/l^-cyclohexene, b.p. 127*2-128*4®/ 
16 mm. is formed from cyclohexene and benzyl alcohol with PgOg (Kurssanov, 
C. 1931 I 3112). 

Special interest attaches to the A^- and Zl®-l,4-methyl-isopropyl-cyclo- 
hexenes, carvomenthene and menthene, which are closely related to the terpenes, 
and are therefore dealt with in that section. 

T^-Carotene, C 40 H 50 , a monocyclic polyene hydrocarbon, a complicated 
cyclohexene derivative, is dealt with on p. 412. 
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(c) Cyclohexadienes, Dihydrobenzenes 

The natural monocyclic terpenes belong to the dihydrobenzene group; 
they can be regarded as dihydro-p-cymenes. The artificially prepared 
dihydrobenzenes resemble them closely in behaviour. 


The method of preparing the simplest of the hydrocarbons in this class, 
dihydrobenzene, from succino-succinic ester has already been discussed 
(p. 83). Monoalkyl and p-di-alkyl-dihydrobenzenes have been obtained 
similarly from mono- and di-alkyl succino-succinic esters {Baeyer^ Bcr. 20, 
232). i,2,3,6-Tetraraethyl-dihydrobenzenc probably occurs in amber oil, 
since 1,3-dimethyl-tercphthalie acid is found among its oxidation products. 

The other methods of preparing cyclohexadienes are completely analogous 
to those employed for cyclohexanes. They are formed (1) from the cyclo- 
hexancdiols, many of which can be obtained by reducing the dihydro-re- 
sorcinols, which can be readily synthesised (p. 112), and also from the cyclo- 
hexenols, by dehydration; (2) from the dibromides of the cyclohexenes by 
heating with (pinoline (cp. Harries, Ber. 42, 693); (3) by distillation of the 
phosphates of diamino-cyclohexancs in a current of COg, under reduced 
pressure if necessary (id. Ann. 328, 88; Grossley, J. 95, 930). 

Most of the dihydrobenzenes have a penetrating odour like that of leek. 
They polymerise and resinify easily. With alcoholic sulphuric acid, or with 
AcgO -f H 2 vS 04 , they give characteristic red or purple colours. With hydrogen 
halides they yield halogcnated tetrahydrobenzenes. They can usually be 
converted with ease into benzene derivatives by oxidising agents. 

In many dihydrobenzenes the position of the double bonds is still doubtful, 
and some of these substances may be mixtures. Recently, however, methods 
have been worked out to obtain homogeneous hydrocarbons. Measurements 
of the molecular refraction have been used as evidence for the constitution 
of dihydrobenzenes {Auwers, Ber. 43, 3076). 


.CH—CHv 

Jbs.cyelohexadicne, dihydrobenzenc, CKcf >CH, m.p. -96®, 

b.p. 80—80‘6®, has been obtained: from 1,3-diamino-cyclohexyl phosphate 
by distillation; together with cyelohexene, from 1,4-dibromo-cyclohexane 
with Na {Prjashnishmkov, Ber. 67, 64); and from 1,3-dichloro- or 1,2-dibromo- 
cyclohcxanes on heating with trimethylamine in a sealed tube, or with 
quinoline, when a little cyclohexene and small quantities of the isomeric 
.CH-CIH2. 

/db4.cyclohcxadiene, CH^ ^CH, b.p. 86-87®, are formed as bv- 

^CHa— 

products; the latter is obtained from 1,4-diamino-cyelohexane as the mam 
product. 1,2-Dibromo-cyclohexane withNaOKt gives 20-30% of/I i»®-dihydro- 
benzene, and 60-60% of 1-ethoxy-jz.tetrahydrobenzene, b.p. 164-156®; the 
latter with KHSO4 at 170® gives an additional quantity of Ji'3-dihydrobenzene 
{Hofmann, C. 1926 1 2342). 1,4-Dibromo-cyclohexane gives a mixture of 
the two isomeric dihydrobenzenes {Harries and Antoni, Ann. 328, 106; 
Zelinsky, Ber. 41, 2479; Harries, Bcr. 42, 693; Grossley, J. 83, 1403)! The 
/1b4.isomer has also been prepared from the diols resorcitol and qiiimtol 
(p. 102) by dehydration with dilute HgSO^ {Senderens, C. r. 177, 1183). 

1,4-Cyclohexadiene readily gives a. tetrahromide, m.p. 188®, while 1,'3-cyclo! 
hexadiene yields at first a dibromide, m.p. 109®, probably l,4-dibromo-,12. 
cyclohexene, as the principal product; this latter on heating with quinoline 
IS converted into benzene, and on treatment with more bromine gives 
a tctrabromo-cyclohexanc, m.p. 87-88®. 

Zl^’®-Dihydrobenzene has been used by Diels and Alder in many diene 
syntheses (y>. 86) (Ann. 460, 115; 478, 138; 490, 241; 601, 9). For a dimeric 
1,3-cyclohexadiene see Alder, Ann. 496, 197, and p. 193. For the oxidation 
of Ji»«-dihydrobenzene with KMnO^ or PhCOgH see p. 103; Zelinsky, 
Ber. 64, 1399; Hedos, C. r.» 196, 626. For the possibility of a dihydrobenzone 
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containing twin double bonds of the allene type see Lely, Chem. Weekbl. 22 
(1926), 601. 

On oxidation at 0® with 1 % KMn 04 solution 1,4-cyclohexadiene 
gives an erythritol which crystallises with 2 aq. and melts at 241—242® 
when anhydrous. It is possibly the racemic form of the optically active 
erythritol, m.p. 224®, isolated by v, Lippmann from sugar beet juice. On 
oxidation with perbenzoic acid cyclohexadiene dioxide, m.p. 110 ®, is formed. 
This, when heated with water, gives the monohydrate, m.p. 196®, of the 
erythritol mentioned above {Zelinsky, Ber. 64, 1399). 

/d^»®-Dihydrotoluene, CgH^Me, b.p. Ill®, from m-amino-hexahydrotoluene 
phosphate, gives on oxidation with KMn 04 methyl-dihydroxy-cyclohexanone 
(methyl-cyclohexanone-diol) (p. Ill), and finally succinic and oxalic acids; 
this establishes its constitution, but it is not homogeneous {Harries, Ber. 
41, 1698). J*>*-l)ihydrotolueiie, b.p. 106®, dgo 0*8274; zl^.fi-dihydrotoluene, 
b.p. 109®, djo 0*8292 {Zelinsky, Ber. 41, 2484, 2630). 

For 1,1-dimethyl-cyclohexadiene, see Crossley, J. 96, 930. 
l,2-I)imethyl-^*'*-cyclohexadieno, dihydro-o-xylene, cantharene, CgHeMej, 
b.p. 136*6®. is produced when cantharic acid, C 10 H 12 O 4 , a rearrangement 
product of cantharidin, is distilled with soda lime. Its odour resembles 
that of turpentine, and it rcsinifies on exposure to the air {Piccard, Ber. 
26, 2463; Harries, Ann. 328, 116). It has been made synthetically from 
1 -methyl-/I ^-cyclohexene by way of 1 -methyl-zl®-cyclohexene- 2 -one and 

1 . 2 - dimethyl-J*-cyclohexenc-2-ol {cantharenol) {Haworth, J. 103, 1242). 
/1®>M)ihydro-m-xylene, b.p. 129®, d^g 0*8203, is obtained from 3, 6 -diamino- 

1. 3 - Me 2 -cyclohexane, and by reduction of l, 3 -Me 2 " 6 -chloro-cyclohexadiene- 3 , 6 , 
the product of the action of PCI5 upon l, 3 -Me 2 -cyclohexenone {Auwers, 
Ber. 43, 3111). For zl®«*-dihydro-m-xyIene, b.p. 129®, djo 0*8226, see Zelinsky, 
Ber. 41, 2631. A mixture of hydrocarbons containing a dihydro-m-xylene, 
together with m-xylcne and tetrahydro-m-xylene, has been obtained from 
methyl-heptenone Me 2 C:CH.CH‘CIl 2 COMe (p. 203) by condensation with 
ZnClg {Crossley, J. 95, 936). 

3-Diethyl cyclohexadiene, b.p. 68®/9 mm. {Blaise, Maire, Bull. 3 
(1908), 420). 

Ji,3.Dihydro-p-xylene, b.p. 136®—138®, d^^ 0*8314, has been obtained by 
a curious reaction which consists in boiling dichloro-a,)?-pulcnono (p. 120 ) 
with alcoholic potash; it polymerises easily. Oxidation with KMn 04 gives 
acetyl-acetono, which proves its constitution {Auwers, Ber. 41, 1816; 42, 
2404). zl2»*-Dihydro-p-xylene, b.p. 133® {Zelinsky, Ber. 41, 2633). 

l,l,3-TrimethyI-2-methylene-Zl®-cyclohexene, CioHje, b.p. 48*6—49®/llmm., 
is formed, instead of the iodide which would be expected, by the action of 
KI in acetone on the bromide obtained from ^-cyclogeraniol (p. 203) and 
HBr {Kuhn, Ber. 67, 367). 

Semlhenzenes is the name given by Auwers (Ann. 425, 217) to hydro¬ 
aromatic hydrocarbons with two endocyclic double bonds in zl^‘®-position 
and one semicyclic double bond, with methyl or other alkyl groups attached 

— CH V 

to the ring. The general formula is Me 2 C<[^ \C=CHR. These 

'CH=CII' 

hydrocarbons are isomeric with the true benzenes. They are obtained from 
the tertiary carbinols of methylated dihydrobenzenes (p. 106) by shaking 
with ice-cold 10®/o sulphuric acid. They are very unstable and show a great 
tendency to polymerise. When heated with acids they undergo a rearrange¬ 
ment to the corresponding benzene hydrocarbons; heat alone does not bring 
about this change. 

/CH=CH. 

1,1-Dimethyl-4-methylene-zl®'®-cyclohexadiene, Me 2 C<^ yCiCHj, 

b.p. 37-39®/16 mm.; l,l-dimethyl-4-ethylideiie-J*»«-cyclohexadioiio, b.p. 
71—720/16 mm. For other homologous semibenzones see Auwers, 1. c. 

Blchter-AnBchtttz ii. 7 
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Cyclohexyl-acetylenes, — For stcric reasons derivatives of cyclohexane 
with a triple bond in the ring could hardly be expected to exist, or would be 
extremely unstable; the same holds true for compounds with two double 
bonds in the ring in the allcne position. Cyclohexyl-acetylenes with a triple 
bond in the side chain can, however, be obtained by the methods used in 
the aliphatic scries. 

Cyclohexyl-acetylene, CgHii-CrCH, b.p. 131—132° is obtained from cyclo- 
hexyl-chloro-ethyleno with KOH, or from cyclohexyl-ethylene dibromide 
or from hexahydro-acetophenone (p. 124) through the dichloride; it gives a 
Na-salt, which with COg forms cyclohexyl-propiolic acid (p. 134) {Jegorova, 
C.191211010). Cyclohexyl-allylene, hexahydrobenzyl-acetylene, CeHuCHgC :CH, 
b.p. 66—68°/16 mm. {Lecomie, C. r. 183, 27). For higher homologues see 
Bourguel, Ann. chim. 3 (1925), 385. 


2. RING ALCOHOLS OF THE HYDROAROMATIC 
HYDROCARBONS 

(a) Ring Alcohols of the Cyclohexane Group. — The cyclic 
alcohols of this group occurring in nature include compounds such as 
quercitol and inositol, which were formerly classed with the sugars, 
and the saturated monocyclic terpene alcohols described among the 
terpenes (p. 216). In the laboratory the hydroaromatic ring alcohols 
have been prepared by catalytic reduction of phenols, cyclohexenols, 
polyhydroxy-benzenes etc. with H 2 and finely divided metals, such 
as Ni and Pd, and also from other hydroaromatic compounds, chiefly 
from the corresponding ketones. Tliese latter yield, by reduction, 
secondary cyclic alcohols, and, by interaction with Mg-alkyl iodides 
(I 218) tertiary cyclic alcohols {Zelinskyy Ber. 34, 2877; Sabatier^ 
SenderenSy Ann. ch. phys. ( 8 ) 10, 527). In some cases it has been 
possible to isolate a cyclohexanone, the tautomeric form of the tetra- 
hydrophenol, as an intermediate in the catalytic hydrogenation of 
phenols {Vavony C. r. 172, 1231). Cyclohexanols have also been 
obtained by the action of oxygen upon cyclohexyl-Mg halides, from 
the cyclic amines with HNO 2 , and by the addition of the elements 
of water to cyclohexenes on heating with glacial acetic acid and 
concentrated H 2 SO 4 . Most alkyl-cyclohexanols occur in stereo- 
isomeric forms. 

For the geometrical and optical isomerism of methylcyclanols sec Gough, 
Hunter, Kenyon, J. 1926, 2062. For the separation of isomers by azeo¬ 
tropic methods see Lacourt, Belg. 86 (1927), 346. For their separation by means 
of the p-nitrobenzoates or of the hydrogen phthalatcs see Gough et al. 1 . c. 
The cis forms of the alcohols differ from the trans isomers in their greater 
specific viscosity, but the differences in other physical properties are less 
marked {Auwers, J. pr. 124, 209). Most cis forms undergo dehydration more 
easily than the trans forms {Vavon, Bull. 49 (1931), 667). 

The dehydration of hydroaromatic alcohols may be accompanied by 
changes in the ring (Meerwein, Ann. 417, 266). 

General reactions of cyclohexanols-. On loss of water (by oxalic acid, dilute 
H 2 SO 4 or catalytically), cyclohexanols are converted into cyclohexenes. 
They are changed into chloro-cyclohexanes by the action of hydrogen chloride 
or PClg (Ju6ry, Bull. 17 (1916), 167). They give esters with aliphatic or 
aromatic carboxylic acids {Senderens, C. r. 165, 1012, 1264). On oxidation 
adipic acid and its homologues are obtained. When treated with alkalies, 
they are converted into pyclohexyl-cyclohexanols {Ouerhet, C. r. 164, 962). 
They also condense with aliphatic alcohols to cyclohexyl alcohols. Addition 
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compounds with phenols, formed in aqueous alkaline solution, have been 
described in Germ. Pat. 484,994. 

Cyclohexanol.m.p. 23*6® b.p. 161*6® 

cis-l 92 -Mcthylcyclohexanol. b.p. 166*2/165*4®/761mm. 

trans>1^2-Methylcyclohexanol. b.p. 167*2-167*6®/760mm. 

ci8-l,8-Methylcyclohexanol .. m.p. 38® b.p. 176*6®/760 mm. 

trans-l,3-Methyleyclohexanol. b.p. 174*6-174* 7®/762 mm, 

cis-l,4-Methylcyclohexanol. b.p. 175*60/760 mm. 

tran8-l,4-]llethylcyc]ohexanol. b.p. l74*5®/760 mm. 

14-Piinethylcyclohexanol-2 . b.p. 77—78®/12 mm. 

1.1- Bimethylcyclohexanol-3 m.p. 12® b.p. 73—74®/8 mm. 

1.1- Dimethylcyclohexanol-4. b.p. 76*6®/9*5 mm. 

1.2- ])imethylcyclohexanol-l.b.p. 166® 

1.3- l)iinethylcyclohexanol-8 ... b.p. 79—81®/21 mm. 

1.4- Dimothylcyclohexanol-4. b.p. 70—72®/12 mm. 

cis-l93-Bimethylcyclohexanol-5 m.p. 38® b.p. 89®/!6 mm. 

2c,4tr-Dimethylcyclohexanol-le . b.p. 176-176*6® 

2tr,4c.Dinicthylcyclohcxanol-l<* .. .. b.p. 175—176® 

2c,6tr-Dimethylcyclohexanol-lc . b.p. 180® 

2®,3*r-DiiijethylcycIohexanol-lc . b.p. 172® 

l-£thylcyclohexanol .m.p. 33® b.p. 166® 

4-Ethylcyclohexanol-l... .. b.p. 162—166® 

l,l 525 -Trimethylcyclohexanol -2 . b.p. 75*8®/16 mm. 

1 ,l 98 -Triinethylcycloliexanol -8 m.p. 74® 
l,l>4-TrImethyIcyclohexanol-4 m.p. 68® b.p. 76o/ll mm. 
1^3,5-Triinethylcyclohoxanol-5 . b.p. 82—83®/19 mm. 

cis-2-Propylcyelohexanol . b.p. 84®/10 mm. 

trans<2-Propylcyclohcxaiio] . b.p. 90®/14 mm. 

8-Isopropylcyclohexanol . b.p. 114®/28 mm. 

l,t,4,4-Tetraiiiethylcyelohoxanol-2 m.p. 63® b.p. 201*5-203®/746 mm. 


Cyclohexanol, hexahydrophenol, ^^hexali7i'\ “wdronoZ'* 


CH^ 


^CHa— 
\cHj—CHj/ 


CHOH 


is formed ( 1 ) from cyclohexanone by reduction with sodium and moist 
ether {Auwers, C. 1927 II 1564); (2) from 4-iodo-cyclohcxanol, the product 
of the reaction of HI upon quinitol, by reduction with zinc dust and glacial 
acid; (3)from amino-cyclohexane (see below) with nitrous acid {Markovnikov, 
Ann. 302, 20); (4) by passing gaseous phenol and hydrogen over finely divided 
Ni at about 170® (Germ. Pats. 383,540, 408,811, 444,685); ( 6 ) by the action 
of oxygen upon cyclohexyl-magnesium chloride {Sabatierf Ann. chim. phys. 
( 8 ) 10, 627; Wuyts, Belg. 30, 222); ( 6 ) from ^“-cyclohexenol by reduction 
with Ha in the presence of Pd -f- BaS 04 {Criegee, Ann. 481, 286). It smells 
like fusel oil, and is more soluble in water than the aliphatic alcohols with 
six carbon atoms {Baeyer, Ber. 20, 229). When water is removed by means 
of HaS 04 , KHSO 4 etc., cyclohexene is formed {SenderenSy C. r. 164, 1168; 
Lacourty Belg. 80, 346). Phenylurethane m.p, 81*6®. Acetyl compound m.p. 
104®. With HBr it forms broraocyclohexano (p. 91). Its oxidation with 
nitric acid (density 1 * 2 ) or with KMn 04 , is a method of preparing adipic 
acid, which is obtained in excellent yield {Mannich, Ber. 41, 675; Bouveault, 
Bull. 3 (1908), 432; v, Braun, Ber. 56, 3626). 


For esters of cyclohexanol see Senderens, C. r. 166, 1012, 1264. 
CyclohexyUalkyl and -alphyl ethers are obtained from cyclohexanol and the 
corresponding halides with NaNHg. Cyclohexyl-methyl ether^ hexahydroanisole,, 
CgHiiOMe, b.p. 134*5—136®, is obtained from sodium-cyclohexanol and Mel,, 
by reducing anisole with Hj and Ni {Waser, Helv. 12, 418), and by reducing. 
1 -methoxy-J^-cyclohexene (p. 105) catalytically {Wielarid, Ber. 69, 2490).. 
When the methyl ethers of phenols are hydrogenated under pressure, the 
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methyl group attached to oxygon is often split off as CH 4 or MeOH ( Waser, 
Helv. 12, 421). For rmthoxy derivatives of cyclohexanol of the general 
formula • OCHa.OR see Palfray, Bull. 48 (1928), 900. 

Cyclohexyl-chloromethyl ether, C 4 H 11 -OCH 2 CI, b.p. 76®/14mm., is pre¬ 
pared from cyclohexanol, formaldehyde and HCl. In this compound Cl can 
be substituted by OAlkyl or OAcyl, and it reacts with Orignard compounds. 

Cyclohexyl-allyl ether, from sodium-cyclohexanol and CaHgBr, b.p. 169—172®, 
does not undergo the Glaisen-Eisleb rearrangement (vol. Ill) into allyl- 
cyclohexanol {Claisen, Ann. 418, 73). 

Dicyclohexyl ether, CeHn-O-CgHn, b.p. 116®/15mm., is obtained from 
diphenylether with and Ni (Ipatiev, Bor. 41, 1001), or from cyclohexanol 
with p-toluene-sulphonic acid in an autoclave at 170® {Lacourt^ Belg. 36, 346). 

Cyclohexyl-phenyl ether, b.p. 126—127®/10 mm., is obtained from iodo- 
benzene + potassium cyclohexanol, or, together with p-cyclohexyl-phenol, 
m.p. 131—133®, from cyclohexanol + phenol. It undergoes a rearrangement, 
when heated, into o- and p-cyclohexyl-phenols; this reaction is analogous 
to the Claisen-Eisleh transformation of allyl-phenyl ethers. As the same 
products are obtained from cyclohexene + phenol, it seems that cy do hexyl- 
phenyl ether first decomposes into these two substances which then re-unite 
{Schrauthy Ber. 57, 866 ; Skraup, ib. 60, 1074; Brit. Pat. 294,238). Cyclo- 
hexyl-benzyl ether, b.p. 166*6—166*6®/37 mm. {Senderena, C. r. 183, 830; 
Comuhert, Bull. 43 (1928), 74). 

2-Chloro-cyclohexanol, cis form, b.p. 93—94®/26mm., has been obtained 
by reduction of 2 -chloro-cyclohexenol with tert. butyl-magnesium chloride; 
and the trans form, b.p. 93®/26 mm., from cyclohexene and HOCl, or from 
cyclohexene oxide and HCl (Oodchot, C. r. 176, 448; Bartletty Am. 67, 224). 
2-Bromo-cyclohexanol, m.p. 27*6®; 2-aniino-cyclohexanol m.p. 66 * 6 ® {Swartz, 
Acad. Belg. 22 (1936), 106, 924). 

1- Methylcyclohexanol is produced by ring synthesis in the action of 
Mg- 1 , 6 -dibromo-pentane upon ethyl acetate (p, 18) {Grignard, C. r. 144, 
1368). 2-Methylcyclohexanol, cis, m.p. — 9*3®, b.p. 166®, dj^ 0*9381, udis 
1*46639, from o-cresol by hydrogenation in presence of colloidal Pt. Hydrogen 
phthalate m.p. 104®; p-nitrohenzoate m.p. 63®. Trans form m.p. — 21®, b.p. 
167®, di 9 0*9246, noig 1*46200, from commercial 2-methyl-cyclohexanol by 
means of the hydrogen phthalate m.p. 124®; p-nitrohenzoate m.p. 66 ® 
(W, Huckel, Ber. 64, 2892). 3-Mcthylcyclohexanol has been obtained in its 
laevorotatory form, [a]D —3®40', by reduction of optically active 3-methyl- 
cyclohexanono {Zelinsky, Ber. 30, 1634). 4-Methylcyclohexanol forms two 
isomeric neutral esters with oxalic acid, one a solid m.p. 98®, the other a 
liquid, b.p. 196—199®/16 mm. The alcohols regenerated from the esters are 
identical and give a phenylurethane melting at 126® {Ju4ry, Bull. 17 (1915), 
167). For other physical constants of the three mcthylcyclanols see Eisen- 
lohr, C. 1926 I 76. Cis and trans chlorohydrins of J^-methylcyclohexene; 
Bartlett, Am. 66 , 1990. ^-Glucosides of the isomeric mcthylcyclanols are 
produced when the alcohols, dissolved in dry ether, are shaken with ) 3 -aceto- 
bromo-glucose and AgNOa. The acetyl compounds so formed are then hydro¬ 
lysed {Hamaldinen, C. 1914 I 1887). 

Dimethyl-cyclohexanols. — v, Braun (Ber. 60, 2438) has prepared all the 
cyclanols which are theoretically obtainable by reducing 1 , 3 , 6 -xylenol. 
4-Ethyl-cyclohexanol is obtained by catalytic reduction of p-dihydroxy- 
diphenylmethyl-mothane (Brit. Pats. 264,763, 274,439). 8,6,6-Trlmethyl- 
cyclohexanol, pulenol, b.p. 188® (see p. 120 ). 

2- Propylcyclohexanol is obtained, together with 26—30®/o of propyl- 
cyclohexane, from allyl-phenol by hydrogenation with Pt in glacial 
acetic acid. Propylcyclohexanone is an intermediate. Phenylurethane m.p. 
97—97*6®. The cis form, b.p. 84®/10 mm., has been isolated by means of the 
phthalate. The trans form is obtained ( 1 ) with Na and EtOH from o-propyl- 
cyclohexanone (prepared from the mixture of both alcohols with chromic 
acid mixture), or preferably ( 2 ) from the Na-compound of the cis form at 
190—200®. B.p. 90®/14mmL., phenylurethane m.p. 69—70® {Vavon, Bull. 41 
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(1927), 1638). S-Isopropylcyclohexanol^ from isopropyl-dihydroresorcinol 
through 6-chloro-3-i8opropyl-J4-cyclohexene-3-one, is of interest in the 
synthesis of terpene derivatives {Croasley, J. 107, 171). 

Hexahydrothymol and hexahydrocarvacrol see Menthol and Carvomenthol, 
pp. 216 and 218. 

8-Methyl-6-propyl-, S-mcthyl-6-isobutyl and 3-mcthyl-6-isoamyl-cyclo- 
hexanol, b.p. 112®/22 mm., m.p. 69®, and b.p. 137®/23 mm. respectively, are 
obtained synthetically by heating 3-methylcyclohexanone with sodium and 
propyl, isobutyl or isoamyl alcohol to about 220® {Haller^ C. r. 140, 474, 624). 

Acetylene-substituted cyclohexanols of the type C 5 Hio> C(OH)-C :CH 
{ethinyl-cyclohexanols) are prepared from cyclohexanones and C 2 H 2 by means 
of NaNHg. When treated with strong formie acid they undergo a remarkable 
change into unsaturated aldehydes of the type CeHio:CH*CHO (p. 122 ), 
which are characterised by a strong smell {Rupe^ Helv. 9, 672); by partial 
reduction, they are converted into vinyl-cyclanols. For the action of SOClg 
upon ethinyl-cyclohexanol see Hund, Am. 56, 1924. 

Polyhydric cyclic alcohols are produced (1) by reduction of polyketo- 
cyclohexanes; ( 2 ) from polyhydric phenols by reduction with hydrogen and 
nickel {Sabatier, C. r. 146, 3193); (3) from cyclohexenes by mild oxidation 
with KMn 04 , or from the corresponding halogen hydrins; (4) from chloro- 
cyclohexanols through the acetates {Senderens, C. r. 173, 1365; Palfray, ib. 
186, 872; Derx, Rec. 41, 312); (5) from the oxides by addition of the elements 
of water {Nametkin, C. 1925 I 222). 

The three dihydroxy-cyclohexanes react with dilute sulphuric acid 
differently and with varying readiness. The 1,2-isomer gives mainly condensed 
hydrocarbons and a little 1 , 8 -cyclohexadiene; the 1,3-diol reacts readily, giving 
much 1,3- and little 1,4-cyclohexadiene; on the other hand, the 1,4-isomer 
gives only little 1,3- and much 1,4-cyclohexadiene {Senderens, C. r. 177, 
1183). The cyclanc-diols and-triols, like the cyclanols, often occur in stereo- 
isomeric forms. These can be separated by means of their different reactivity 
with acetone {Lindemann, Ann. 483, 34). A change of configuration often 
takes place when the cyclane-diol acetates are treated with hydrogen halides, 
but not when the dichloro-cyclanes react with silver acetate {Palfray, C. r. 
186, 872; 190, 942; Bull. 45 (1929), 856). For references to cyclane-diols 
see Rothstein, Ann. chim. 14 (1931), 461. Alkyl ethers of cyclane-diols: 
Heifer, Helv. 7, 950; Sabeiay, Bull. 47 (1930), 214. 

trans-Cyclohexanc-l,2-diol, o-dihydroxy-hexahydrobenzene, CeHio[l ,2](OH)2 
m.p, 100 ®, b.p. 225®, is obtained from cyclohexene with KMn 04 {Mar- 
kovnikov, Ann. 302, 21; Narnetkin, C. 1925 I 222; Senderens, C. r. 180, 790), 
and by reduction of pyrocatechol. The isomeric cis 1,2-cycIohexane-diol^ 
m.p. 106®, b.p. 236® {Jjindemann, Ann. 483, 31), is produced from the iodo- 
hydrin, 2-iodo-cyclohexanol, C5HiQi(OH), m.p. 42®, obtained from cyclo- 
hexene with iodine and mercuric oxide. This yields w’ith silver oxide and 
KOH, first cyclohexene oxide, CgHjoO, b.p. 131®, which resembles ethylene 
oxide and combines with water to form cis 1 , 2 -cyclohexane-diol, with 
bisulphite to cyclohexanol-sulphonic acid, C(,Hiq(OH)SOjH, and with ammonia 
to amino-cyclohexanol CeHio[l»2](NH2)(OH), m.p. 66 ®, b.p. 219® {Brunei, 
Ann. chim. phys. 6 (1905), 200). 

The cis diol has also been obtained from the oxide by way of the toluene- 
sulphonic mono-ester of the trans diol, m.p. 96® and its acetate m.p. 78®, 
a reaction involving a double Walden rearrangement {Criegee, Ber. 69, 2753). 

Hexahydroguaiacol^ b.p. 176--180®/730 mm. {Waser, Helv. 12, 418). 

l-Mothyl-cyclohcxane-l,2-diol, cis m.p. 67'6—68*6® {Verkade, Ann. 467, 
217), and trans m.p. 84—84*5®, is obtained from ^1^-mcthy 1-cyclohexene, 
and from l-methyl-cyclohexene-l-one -6 {Dupont, Belg. 45, 57, 113). When 
heated with oxalic acid it yields 2-methyl-cyclohexanone-1. For the products 
obtained from cis and trans-rnethyl-cyclohexane-diols by removal of water 
see Tiffeneau, C. r. 202, 1931. 

l,2-j[)imethyl-1^2-cyc]ohexane-diol is transformed into 1-methyl-1-acetyl- 
cyclopentane (p. 60) by treatment with dilute H 2 SO 4 , or with water 
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at 180®; when the secondary alcohol corresponding to this ketone is 
dehydrated, the 6 -ring is reformed, l, 2 -dimethyl- 2 l^-cyclohexene being 
obtained {Meerwein^ Ann. 417, 264). l,4-I)imethyl-3,4-cyclohexane-dioI cis, 
m.p, 88—89®, is obtained from the oxide with water, and trans, m.p. 77®, from 
the corresponding cyclohexene with KMn 04 . Similarly: l-Mcthyl-4-ethyl- 

8.4- cyclohexane-diol, cis m.p. 82® and trans m.p. 76—77® (Wallach, Ann. 396, 
267; Nametkin, C. 1926 I 222). 

1,3-Cyclohcxaiie-diol, resorcitol, cis m.p. 84*6®, trans m.p. 116’5® is pre¬ 
pared by reduction of resorcinol with Hg and Ni at IHO® (Sabatier, C. r. 146, 
1193). Two stereoisomeric dibromo-cyclohexanes, m.ps. 112 and 1 ®, are 
formed from the two diola with HBr (Palfray, C. r. 190, 189; Skita, Mo. 63/64, 
763; Lindemann, Ann. 477, 78). S-Chloro-resoreitol m.ps. 90® and 136®, 
is obtained from /d^-cyelohexenol with HOCl (Kotz, J. pr. Ill, 373). 

Cyclohexanc-l,4-dlol, gwiniK HOCh/ * "NcHOH, cis m.p. 102®, 

CH./ 

trans m.p. 139® is formed by reducing cyclohexane-1,4-dione (p. 112) with 
sodium amalgam in the presence of carbon dioxide (Jiaeyer 1892), and also 
by reducing hydroquinone with Hg and Ni. It tastes sweet at first and then 
bitter, and is readily soluble in water and in alcohol. Chromic acid oxidises 
it to quinonc (Baeyer, Ber. 25, 1038). When heated with 60% H 2 SO 4 it 
condenses in part to a hydrocarbon, which ?s probably phenyl-cyclohexane 
(p. 91) (Willatatter, Ber. 34, 606). Quinitol servos as starting material for 
the preparation of the simple hydrogenated derivatives of benzene (Baeyer, 
Ber. 26, 229). Hydriodic acid converts it into 4-iodo-cyclohexan->l and 

1.4- di-iodo-cyclohexane. By reduction the first yields cyolohoxanol, the 

second cyclohexane (p. 90). When heated with KHSO 4 -j- MgS 04 , quinitol 
gives z4®-cyclohexenol (p. 106), or, by more vigorous action, and 

2 d^'*-cyclohexadione (Zdinsky, Ber. 64, 1399). Reactions of quinitols and 
their esters with hydrogen halides are described by Palfray and Roth stem 
(C. r. 190, 942). l,4-I)ibromo-cyclohexane passes readily into dihydro¬ 
benzene (p. 96). 2,5-Dimethyl-quinitol is obtained from the corresponding 
diketono (Baeyer, Ber. 26, 2122; 26, 230). 

Cyclohcxane-l,2,3-trloI, pyrogallitol, three forms: a, m.p. 108®, p, 124—125®, 
y, 148® has been prepared from zl^-ethoxy-cyclohexene with KMn 04 : the 
ethoxy-cyclohexane-diol obtained is hydrolysed by cone. HBr (Brunei, 
C. r. 160, 986). It is also obtained by hydrogenation of pyrogallol under 
pressure (Lindemann, Ann. 483, 37). 

Cyclohexanc-l,3,6-trio], phloroglucitol, 

/CH 2 —CH(OH). 

HOaH< >CH2 H 2 H 2 O , 

^OHg—€H(OH)/ 

a-form, hydrated, m.p. about 110®, anhydrous, m.p. 184®, )S-form, anhydrous, 
m.p. 145®. Hydrogenation of phloroglucinol gives both a- and ^-forms (Linde¬ 
mann, Ann. 477, 78). 0yclohoxaiie-l,2,4-triol, hydroxy-quinitol, m.p. 122®: 
Zelinsky, Ber. 64, 1403. 

€yclohexane-l,2,3,4-tctrol, (I), m.p. 229®. Its di-methylene ether, m.p. 148®, 
is obtained from 1,6-desoxy-dimcthylene-mannitol, (II) (Micheel, Ann. 496, 
96). The latter is first converted into a di-iodide CHgl . . . CHgl, the ring 
is closed by the action of molecular Ag, and finally the methylene groups 
are removed by hot dilute HCl: 


(I) HO H 
HO C ~C H 
C^H HO^C ^ 
H%—C^OH 

Ha Hj 


(II) CHa 

O 

CH 3 .CH.CH.CH . CH.CH 3 . 

6 6 
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/CHOH.CHOHv 

Cyclohexane- 1524 ,5-tetrol, CHaC /CH* + 2 HoO , m.p. anh. 

^CHOHCHOH/ 

241—242®, is prepared from /d^‘*-cyclohexadiene (p. 96) with KMn 04 . This 
compound gives with perbenzoic acid cyclohexadiene-l,2,4,5-dioxide, 
0:CeH(,:0, m.p. 110® (Zelinsky, Ber. 64, 1399). 

.CH(OH)--CH(OH). 

Cyclohexane-pentol, quercitol, CH 2 <; >CH(OH), m.p. 

\CH(OH)—CH(OH)/ 

235®, [a]D—+24*16®, occurs in acorns; the aqueous extract of these can 
be freed from glucose by fermentation with yeast, which does not attack 
quercitol. It is also found in considerable quantity (1*35%) in the leaves 
of the palm Chamaerops humilis (Muller, J. 91, 1766). Its configuration 
is the same as that of active inositol (see below) (Karrer, Helv. 9, 116). 
Quercitol is converted by hydriodio acid into a mixture of benzene, hexane, 
phenol, quinone and hydroquinone (Prunier, Ann. chim. (5) 16, 70). It is 
oxidised by nitric acid to mucic acid and trihydroxy-glutaric acid; with 
KMn 04 it gives mainly malonic acid, together with oxalic acid and COg 
(Kiliani, Ber. 29, 1762). A laevorotatory quercitol, m.p. 174® anhydrous, 
[a]D — —73*9®, has been found in the leaves of Gymnenm sylvestre; penta- 
acetyl derivative m.p. 125® (Power, Tutin, J. 85, 624). — For the configuration 
of quercitol see Posternak, Helv, 15, 948. 

Inositol, cyclohexane-hexol, CgH 8 (OH)g, can occur theoretically in seven 
inactive forms, two optically active forms and one racemic form, which 
differ in the relative positions of the hydroxyl groups. Both optically active 
forms, [a]D molten i 65®, are known with certainty, and also the racemic 
form, together with several inactive forms which have not yet been investig¬ 
ated in detail. The configuration of inositol will be found in vol. I, p. 43. 
For the photosynthesis of inositol from COg + HgO see Kogl, Bioch. Z. 95, 
313; 97, 21; the first product seems to be tetrahydroxy-ethylenc, three 
molecules of which polymerise to dodecahydroxy-cyclohexane Ce(OH)i 2 ; 
this is then reduced to inositol. By removal of oxygen cyclohexanone 
is thought to be formed, and the latter yields hexylene aldehyde and 
caproic acid (I, 255, 306) when exposed to light (Ciamician, Ber. 41, 
1071). — For the preparation of inositol by catalytic reduction of hexa- 
hydroxy-benzeno with Pd-black in aqueous solution at 55®, see Wieland, 
Ber. 47, 2082. 

The hexaphosphate of inositol, C 4 Hi 8024 Pe, has been identified by 
Posternak (C. r. 169, 138) with ^*phytin'\ the organic phosphorus reserve 
material of green plants. It has been prepared artificially by Wattach, 
(Ann. 389, 169). Inositol-polyphosphoric acids have also been found in 
cotton seed (Rather, Am. 39, 777). Anderson (Am. 52, 1607; C. 1930 II 3793) 
has detected phosphatides and lipoids of inositol in human tubercle bacilli, 
and Momose (Biochem. J. 10, 120) has found a lipoid in the brain. The 
Ca-Na salt of the hexaphosphate, CgHigOgyPe • CagNag, and other inositol- 
phosphoric salts have been prepared by Otolski, C. 1932 II 3741. 

i-Inositol, phaseomannitol, dambose, C 0 H 8 (OH )2 -p HgO, m.p. 225—226® 
(anhydrous), occurs in the muscles of the heart and in the urine when 
there has boon an excessive consumption of water, also in unripe beans 
from Phaseolus vulgaris, in citrus fruit and in unripe peas. If heated 
to 170® with hydriodic acid it yields phenol, di-iodo-phenol, and traces of 
benzene (Maquenne). Concentrated nitric acid oxidises it to di- and tetra- 
hydroxy-quinones (vol. Ill), and to rhodizonic and leuconic acids (Robert, 
Chem.-Ztg. 1887, 676; Tanret, C. r. 109, 908; Muller, J. 91, 1780; Contardi, 
Chim. applic. 14 (1924), 288). It yields furfural on heating with PgOg (Neu- 
berg, Bioch. Z. 9, 551). Dambonitol, C 2 Hg(OH) 4 (OMe )2 + 3 HgO, is the 
dimethyl ether of i-inositol. It occurs in the rubber from the Gabon district 
of the French Congo. By treating the hexa-acetate of i-inositol (m.p. 211 ®) 
with glacial acetic + HI MUller (J. 101, 2383) obtained two new isomers: 
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Iso-inositol, m.p. 246-260®, and pseudo-inositol, which is hygroscopic. The 
hexa~acetate of the first melts at 112®, and that of the second is amorphous. 

d-Inositol, m.p. 247®, [a]D + 66®, from pinitol by the action of HI, behaves 
with nitric acid like i-inositol. Pinitol, matezitol, CeH8(OH)6(OMe), m.p. 186®, 
[a]D -|“ 66*61®, is present in the juice of the root of Pinus lambertiana, in 
the rubber from Mateza roritina, a liana from Madagascar, and in the wood 
of Sequoia gigantea {Sherrard, Ind. Eng. Chcm. 20, 722). 

1-Inositol, m.p. 238®, [a]D —66®, from quebrachitol by means of HI, gives 
the same products with nitric acid as the two other forms. Quebrachitol, 
C 8 H 5 ( 0 H) 50 Me, m.p. 191®, [ajo —80®, occurs in quebracho bark, in the 
latex of Hevea braailiensis {Morani, C. 1925 I 533) and in Heteroderidron 
oleaefolium {Patteraon, C. 1931 II 653). Esters of quebrachitol are mentioned 
by Levi, Gazz. 69, 650. d,l-Inositol, m.p. 263®. 

Scyllitol, cocoaitol, quercinitol, C^HijOg, m.p. 348*5®, which is probably 
an inactive inositol, was discovered by Stadeler in 1856. It is found in the 
organs of various plagiostomes (the family of fishes which includes the sharks 
and rays, e.g. Scyllium canicula) and very plentifully in the kidneys of 
roach and shark, from which it is separated by means of its sparingly soluble 
lead salt {Muller, Ber. 40, 1821), also in the eggs of the dog-shark {Micheel, 
Ann. 496, 78) and in the leaves of Cocoa nucifera and Cocoa plumoaa. It is 
very similar to inositol in its behaviour, and like the latter is oxidised to 
rhodizonic acid by HjOj. The hexa-acetyl compound melts at 290—291® 
{Muller, J. 101, 2383). 

Mytilitol, methyl-inoaitol, C 8 H 5 Me(OH) 8 , 2 H 2 O, m.p. 269®, occurs in the 
mussel Mytilua edulia {Ackermann, Ber. 64, 1938). Penia-acetatt m.p. 
167—168®, heza’acetate m.p. 182®, 

There are theoretically possible 26 isomeric forms of cyclohexane-tetrol, 
16 isomeric forms of cyclohexane-pentol and 9 isomeric forms of cyclohexane- 
hexo). Of these fifty compounds only seven have been found in nature. 
Patteraon (Nature 126, 880) has suggested that the natural cyclic alcohols 
all have their origin in glucose or a compound of similar stereochemical 
configuration, from which only fourteen of the fifty compounds can bo derived. 

Pheuose, C8H8(OH)8 (?), is the name given to an amorphous substance 
obtained by the action of NaaCOa on the addition product of benzene 
with 3 HOCl, C 8 H 8 Cl 3 (OH) 3 . It deliquesces in air, has a sweet taste and 
reduces Fohling’s solution; it cannot be fermented {Cariua, Ann. 136, 322). 

Oxides ol the Cyclohexane Series, CnH 2 n- 2 jC), have been prepared by God- 
chot and Bedoa by treating cyclohexencs with Ig and HgO or with perbenzoic 
acid (C. r. 176, 1411). They give 1,2-cyclohexane-diols with boiling water 
and trans-alkyl-cyclohexanols with alkyl-Mg halides. Their reactions with 
Hj, HlgH, ethyl malonate and aceto-acetate have been studied by Kotz, 
J. pr. 110, 104. 

Cyclohexene oxide, b.p. 130-132®, see p. 101. l-Methyl-l,2-cyclohexene 
oxide, b.p. 137-138®, and 4-methyl-l,2-cyclohexen6 oxide, b.p. 141-142®, 
are described by Nametkin, Ber. 66, 1803. The latter compound has been 
obtained by Markovnikov (Ann. 886, 316) from the chlorohydrin of J®-incthyl- 
cyclohexene by treatment with KOH. l,4-l)iniethyl-l,2-cyclohexene oxide, 
b.p. 162*6—163®, see Nametkin, C. 1926 1 222. 

.CH-O 

Cyclohexene peroxide, C 4 H 8 <; | | , b.p. 48-500/1 mm., is formed when 

^CH.O 

cyclohexene and oxygen arc exposed to light in the presence of eosin. 
It gives with sulphuric acid cis cyclohexane-diol and a cyclopentene aldehyde 
(p. 64) {Hock, Schrader, Naturw. 24, 169). 

(b) Ring Alcohols ol the Cyclohexene Group are obtained: 
(1) by oxidising cyclohexenes with Os oxides as catalysts {Medvedev, C. 1927 
II 1012); (2) by dehydrating cyclane diols, using a small quantity of Br® 
as a catalyst {Sahetay, Bull. 47 (1930), 463); (3) from dihalogenated cyclo- 
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hexanes or halogenated cyclohexenes by way of the acetates (Hofmann, 
C. 1926 I 2343); (4) from halogenated cyclohexanols with Na (Sahetay, 
Bull. 48 (1928), 904). Numerous members of this group are dealt with in 
the section on Terpenes. 

J^-Cyclohexenol is tautomeric with cyclohexanone (Wieland, Ber. 59, 
2490). Its methyl ether (ib. p. 2492), b.p. 36®/12 mm., results from cyclo¬ 
hexanone dimethyl-acetal by removing MeOH, and its acetate (Mannich, 
Ber. 41, 664) from cyclohexanone by heating with acetic anhydride and 
sodium acetate. J^-Oyclohoxenol, b.p. 161—163®, phenylurethane m.p. 108®, 
naphthylurethane m.p. 166®, is obtained from cyclohexenc with Og or with 
lead tetracetate (Kbtz, J. pr. Ill, 383; Criegee, Ann. 481, 266). J®-CycIo- 
hexenol, b.p. 166—166®, phenylurethane, m.p. 81®, is prepared from 4-iodo- 
cyclohexanol with quinoline or with Na, and from quinitol or resorcitol 
by distilling with a little bromine. Ethyl ether, b.p. 69—60®/14mm. (v, Braun, 
Ber. 66, 3770; Sahetay, Bull. 43 (1928), 904; 47 (1930), 463). 

Knoevenagel (Ann. 289, 131) prepared a number of j®-cyclohexenols by 
reducing 3-alkyl-J*-cyolohexenoncs (p. 116), e.g. 3-methyl-zl*-cyclohexenol, 
b.p. 176®. 


(c) Ring Alcohols of the Cyclohcxadiene Group. — Only a 

few compounds of this class are known. Some ring-unsaturated cyclic 
ketones (see below) react in the enolic form as dihydrophenols, e.g. cyclo- 
hexene~2-one-l, prepared by Kotz (J. pr. 80, 489) from cyclohexanol-l-one-2 
by removing water with anhydrous oxalic acid. 


Some tertiary carbinols of the general formula 

/CH=CH. 

MegCC; >C(OH).CH2ll, 

\CH=-CH/ 


derived from ring-methylated or ring-alkylhted Ji»*-dihydrobenzene3 are of 
interest. They are obtained from the corresponding dichloro-methylated 
carbinols (p. 118) by reduction with Na and moist ether. They are rather 
unstable and apt to polymerise. When treated with ice-cold dilute 
sulphuric acid they lose water and are converted into the so-called semi- 
/CH=:CH\ 

benzenes MegC^ >C:CHR, (p, 97). 

\CH=:CH/ 


/CH=CH ^ 

1,1,4 - Trimethyl - - cyclohexadiene-4-ul, MeoC<; pC(OH) • Me , 

\CH=CH/ 


m.p. 43-44®. 1,1-Dimethyl-4-ethyl-zl*’®-cyclohexadienc-4-ol, m.p. 46-47®. 
For other homologues and their chemical behaviour see Auwers, Ann. 425, 222. 

1,3-Oyclohexadieno monoxide, b.p. 46®/22 mm., results from 1,3-cyclo- 
hexadiene dibromide, m.p. 108®, by treatment with silver acetate followed 
by KOH. On hydration it gives a mixture of trans cyclohexene-3-diol-1,2, 
m.p. 77®, and trans cyclohexene-2-diol-1,4, m.p. 86® (Bedos, C. r. 202, 671). 
Cyclohcxadicne-l,2,4,6-dioxide, OiCeHgzO, m.p. 110®, cf. p. 103. 


(d) Sulphur Derivatives ol the Cyclohexane Alcohols. — 

Cyclohexyl mercaptan, hexahydro-thiophenol, CgHuSH, b.p. 168—160®, a 
colourless, highly refractive oil of penetrating mercaptan odour, is obtained 
in small quantities by the interaction of halogenated cyclohexanes with 
KSH, and more easily, by treating ethyl cyclohexyl xanthate, CgHiiS-CSOEt, 
b.p. 162®/16 mm., with ammonia. It is also prepared by the action of sulphur 
upon cyclohexyl-magnesium cliloride (Mailhe, Bull. 7 (1910), 288), or by 
reduction of cyclohexane-sulphonyl chloride, b.p. 127®/16 mm., with tin and 
HCl. It yields a sparingly soluble mercury salt. Cyclohexyl-methyl sulphide, 
CgHiiSMe, b.p. 180®, is obtained from the sodium salt with Mel; dicyclo¬ 
hexyl disulphide (CjHii)aS 2 , b.p. 288®, from the sodium salt with iodine 
(Borsche, Ber. 89, 392; 40, 2220). 
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(e) Ring Amines ol the Cyclohexanes. — These are formed (i) by 
reduction of nitro-oyolohexanes with zinc or tin and HCl, or of the 
oximes of the corresponding ketones with sodium in alcoholic solution; 
1 , 3 -diamines, in particular, have been obtained by reducing the hydroxyl- 
amino-oximes, the addition products of hydroxylamine and cyclohexenono 
oximes (p. 115); (2) by reduction of anilines with Ni and Hg {Sabatier, 
C. r. 138, 467; Ssadikov, Ber. 61, 131); (3) by heating cyclohexanones with 
ammonium formate or the formates of organic bases {Wallach, Ann. 843, 64) 
or by treating them at a high temperature with NH 3 4 * H 2 in the presence 
of a catalyst (Brit. Pat. 266,960); (4) from the cyclohexane carboxylic 
amides by the action of bromine and alkali {Outt, Ber. 40, 2061); ( 6 ) from 
cyclohexanol or other primary or secondary cyclic alcohols by heating with 
primary amines in the presence of Ni {Q^yot, Bull. 47 (1930), 203; Brit. 
Pat. 317,079; French Pat. 36,718/673,648); ( 6 ) from phenols and aniline 
by catalytic reduction at 160—185® (Brit. Pat. 314,872; Fiench Pat. 669,824). 
Tertiary amines are obtained when secondary amines are treated with 
alkylating agents; the latter are prepared from cyclohexyl halides and 
primary aliphatic amines (Brit. Pat. 261,747). 

Amino-cyclohoxanc, cyclohexylamine, hexahydro-aniline, CeHnNHg, b.p. 
134—135®, is a strong base which smells like coniine; it is only slightly soluble 
in water. It is prepared from aniline, from cyclohexanone oxime (p. 115), 
or from nitro-cyclohexane, CgHn-NOa, b.p. 206®. If anilines vapour and 
hydrogen are passed over finely divided nickel at 190®, cyclohexylamine is 
formed, together with cyclohexylaniline, OgHnNIIPh, b.p. 171®/30 mm., 
and dicyclohexylamine, (C 3 Hii) 2 NH, b.p. 146®/30 mm. (Sabatier, C. r. 138, 
467; Skita, Ber. 52, 1619). Acetamino-cyclohexane, m.p. 104®; the benzoyl 
derivative, m.p. 147®, is also obtained by the Beckmann rearrangement of 
a-hexahydro-benzophenone oxime (p. 130) (Scharwin, Ber. 30, 2863). Phenyl- 
urea derivative, m.p. 180®. Phenyl-thiourea derivative, m.p. 147® (Mar- 
kovnikov, Ann. 302, 22). Cyclohexyl-methyl-, cyelohexyl-ethyl- and cyclo¬ 
hexyl-dimethyl-amines, b.ps. 146®, 164® and 166®, are formed by hydro¬ 
genating the alkylanilines with H 2 and Ni (Sabatier, C. r. 188, 1267; Skita, 
Ber. 52, 1527). 

Cyclohexyl isothiocyanatc, CgHuNCS, b.p. 219®/746 mm., is obtained 
from cyclohexylamine and CSg by two ways: the addition product of the 
two substances (a dithiocarbamate) is either (preferably) treated with HgCl 2 
(Hofmann's mustard oil synthesis), or is converted into N,N'-dicyclohexyl- 
thiourea, m.p. 180—181®, which is then distilled with syrupy phosphoric acid 
(Skita, Ber. 53, 1242; v. Braun, ib. 1688). 

1.1- Amino-methyl-cyclohexane, CeHio(Me)NH2, b.p. 143®, is prepared 
from 1,1-nitro-methyl-cyclohexane, b.p. 110®/40 mm., and by method (4) 
(Nametkin, C. 1910 II 1377), Benzoyl derivative, ra.i). 101®. 

Hexahydro-toluidines (see Skita, Ber. 52, 1626): 1,2-Amino-mcthyl- 
eyclohexane, b.p. 160®, benzoyl derivative, m.p. 147®. 1,3-Ammo-methyl- 

cyclohexane, b.p. 162®, benzoyl derivative, m.p. 163®, obtained by reducing 
either methyl-cyclohexanone oxime, or 1,3-nitro-methyl-cyclohpxane, b.p. 
120®/40mm., is converted into methyl-cyclohexyl-hydrazinc, CeHio(Me)NHNH 2 
by treating its bromamine with AggO (Kishner, C. 1900 I 663). 1,4-Amino- 
methyl-cyclohexane, b.p. 151®, benzoyl derivative, m.p. 181®. — For the 
stereochemistry of the acetylatcd hexahydro-toluidines see Skita^ Ber. 56. 
1014. 

n-Propyl-cyclohexylamine, CeHnNH-CsH^, b.p. 186®, is obtained from 
propionitrile and cyclohexanone by catalytic reduction (Skita, Mo. 53 / 54 , 
768). 

1.2- Diamino-cyclohcxane, CeHio[l,2](NH2)2, b.p. 183-185®, is obtained 
by treating the amide of hexahydro-anthranilic acid (p. 130) with sodium 
hypobromite and then hydrochloric acid. Like the aromatic o-diamines, 
it combines with benzaldehydes to form benziminazoles (vol. IV) (Einhorn, 
Ann. 295, 187). It has been resolved into its optical antimers (Jaeger] 
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C. 1936 II 297). l, 8 -Blamlno-cyclohexane 9 b.p. 193^, smells like ethylene 
diamine and is soluble in water. Nitrous acid decomposes it into nitrogen 
and dihydrobenzene {Merling^ Ann. 278, 39; Kotz, J. pr. 80, 503). The 
diacetyl compound melts at 266®. 1^4-Diamino-cyclohexane, b.p. 181®, is 
obtained, like the preceding compound, from the dioxime of the corresponding 
cyclohexane-dione or from the corresponding nitraniline by reduction (Skita, 
Ber. 52, 1634). 

1^3-Diamino-l-methyl-cycloliexane^ m-diamino-hexahydrotoluene, 
C«H,(Me)(NH2)2, 

b.p. 85-89®/17 mm.; l,5-dia]iiino-l,B-dlmethyl-cyclohexane, b.p. 103-105®/ 
27 mm.; l 95 -dlamino-l-inethyl- 3 -lsopropyl-cyclohexane 9 b.p. 116—117®/13 mm. 
are obtained from the corresponding hydroxylaraino-oximes. 1^1-Dimethyl- 
395 -diamino-cyclohexane 9 b.p. 103—105®/10 mm. {Harries, Ann. 328, 105). 
See also the ring amines of the terpane and mcnthane group discussed 
among the Terpenes. 

Cyclohexyl-hydroxylaminc, m.p. 140—141®, and its 2-, 3- and 4-methyl- 
substituted homologues have been prepared by Vavon (Bull. 37 (1926), 296) 
by hydrogenating phenols and cresols in the presence of NHgOH.HCl. 

Aminocyclanols have been prepared by Qodchot, C. r. 196, 1611. 

3. RING KETONES OF THE CYCLOHEXANE SERIES 

(a) Ring Ketones of Cyclohexanes. — These compounds form 
the most easily accessible class of hydroaromatic derivatives and 
serve as starting materials for the preparation of many other 
compounds. They have therefore been studied in great detail. 

Methods of Preparation'. (1) By oxidising the corresponding cyclohexanols 
with chromic acid, or by leading their vapours over finely divided metallic Cu 
at {Sabatier, Senderens, C. r. 136, 983). (2) From cyclohexeno glycols with 
dilute acids. (3) By ring synthesis from pimelic acid and its alkyl sub¬ 
stitution products by distilling their calcium salts or anhydrides (p. 120; 
Blanc, C. r. 144, 1356). (4) From the synthetic cyclohexanone carboxylic 
esters and their alkylation products by hydrolysis and removal of CO 2 . 
(6) By the action of NaNHg and alkyl halides upon 1,3-niethyl-cyclohexanone 
H-atoras on the carbon atom next to the CO group can be replaced by 
alkyl {Haller, C. r. 140, 127). (6) Several 1,2-alkyl-cyclohexanones have 

been obtained from the Mg-compound of 1,2-chloro-cyclohexanone by 
treatment with alkyl halides {Bouveault, C. r. 142, 1086). (7) Cyclohexanones 
ar(‘, formed by an exchange of hydrogen atoms when a cyclohexanol and 
a phenol are heated in the pre.sence of a catalyst (Swiss Pat. 141,628). 
(8) Certain 1,3-alkyl-cyclohexanones have been prepared by catalytic re¬ 
duction of alkyl-dihydroresorcinols (Germ. Pat. 389,815). (9) Dichloro-methyl 
substituted cyclic ketones of the 2- and 4-series are formed as by-products 
in the action of CHCIg on certain phenols (p. 118). The derivatives of the 
two series behave differently towards Orignard compounds {Auwers, Ber. 49, 
2389). (10) Methyl-cyclohexene gives methyl-cyclohexanone on treatment 

with SeOg (Germ. Pat. 682,645), 

Chemical Reactions'. (1) Like the aliphatic ketones the cyclohexanones 
combine with hydroxylamine, phenylhydrazine, scmicarbazide, hydrogen 
cyanide etc., and in many cases with sodium bisulphite. (2) Reduction 
gives cyclanols; the rate of reduction is greatest with cyclohexanone itself 
and decreases with the number of substituents ( Vavon, Couderc, Belg. 36, 57). 

(3) When treated with NaOEt or gaseous HCl, and when heated under 
pressure, two or three molecules condense together with elimination of 
water, as in the case of acetone (see cyclohexanone) {Treibs, Ber. 61, 683). 

(4) Cyclohexanones and benzaldehyde form characteristic mono- or di- 
benzylidene compounds, condensation taking place with the methylene group 
next to the CO group {Wallach, C. 1908 I 638). (5) With ethyl acetate and 
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sodium they form 1 , 2 -acetyl-cyclohexanones, with diethyl oxalate and sodium 
ethoxide 1,2-cyclohexanone-oxalic esters {Kotz, Ann. 348, 91), with NaNH 2 
and COj 1,2-cyclohexanone carboxylic acids {Gardnery Perkin, Watson, 
J. 97, 1746). ( 6 ) With PCI 5 unstable dichlorides are first formed; these 

decompose at once into HCl and chloro-cyclohexencs. (7) Cyclohexanones 
which contain the grouping —^CO • CHg— are oxidised smoothly by KMnO^ 
or HNOs to adipic acids. For the action of HaO- on cyclic ketones see Stoll, 
Helv. 18, 142. ( 8 ) Some have been converted into e-lactones by means 

of Caro's acid {Baeyer, Ber. 83, 858). (9) Cyclohexanone oximes are con¬ 
verted into e-lactams by concentrated H 2 SO 4 or PCI 5 , and into the nitriles 
of unsaturatcd fatty acids by ring fission with PjOg {Wallach, Ann. 3J2, 173; 
846, 266). (10) Sunlight and water partly convert cyclohexanones into 

saturated fatty acids and the corresponding unsaturated aldehydes {Cia- 
mician, Ber. 41, 1071 j. (11) Treatment with alkyl (or allyl) iodides and 
NaNHj gives alkyl derivatives in which the H-atoms attached to the two 
carbons next to the CO-group are replaced. All four H-atoms of the 
two CHg-groups can be substituted if the operation is repeated {Auwers, 
Ber. 48, 1226). For the position taken up by the alkyl groups, see Haller, 
Cornubert, C. r. 181, 81; Bull. 41 (1927), 367, 594. (12) Cyclohexanones 
condense with CaHg and NaNHa to give 1 -ethinyl-l-cyclanols (p. 101 ; Rupe, 
Helv. 9, 672). (13) Cyclohexanones combine with aniline in presence of 

ZnCla to form ScMJfs bases {Reddelien, Ber. 63, 345). (14) With amyl 

formate and Na the cyclanones give 2 -hydroxymethylene derivatives which 
react both as enols and as ketones. When their sodium compounds are 
treated with alkyl halides, the hydroxymcthylcne group is split off and 
alkylated ring ketones are formed {Sen, J. Ind. chem. 80 c. 6 , 609). On 
reduction they give 2 -methyl-ketone 8 , and they condense with hydrazine or 
semicarbazide to give indazole derivatives (vol. IV; Germ. Pat. 266,405). 
With hydroxylamino 4,5,6,74etrahydro-benzi8oxazole (vol. IV) is formed, with 
oyano-acetamide 5,6,7,8-tetrahydro-quinoline (vol. IV), with benzil or desyl 
chloride (vol. Ill) l,2-diphenyU3,4,5,6-tetrahydrocoumarone {Allen, Can. J. 
Res. 4, 264). (J5) With zinc and a-bromo-fatty esters the ring ketones 
condense to give cyclohexane-l-ol-l-fatty esters; the free acids give 
alkylidene cyclohexancs when heated. (16) The cyclic ketones give tertiary 
ring alcohols with Orignard compounds. 

Alkylated cyclanones often occur in stereo-isomeric forms. 

For determination of constitution by means of the benzaldehyde com¬ 
pounds see Cornubert, C. r. 183, 294. The same author has studied 
orientation phenomena in substituted cyclohexanones (Bull. 49 (1931), 1229, 

1238, 1468). ' \ h > 


_ b.p. d 

Cyclohexanone. I 156*6-156-8o 0-9471 (22®) 

2 - Methylcyclohexanone . . 166® 0-9261 (20®) 

3- Methylcyclohoxanone .. 169® 0-9141 (20®) 

4- Methylcyclohexanone. . 171® 0-9165 (20®) 

2,2-Dimethylcyclohexanono 170*6-171® 0-9141 (20®) 

3^3-Dimethylcyclohexanone 174® _ 

394 -])imethylcyclohexanone 187® _ 

296 -l)imethylcyclohexanone 174® _ 

2,4-Dimethylcyclohexanone 176-6® 0,9124 (16®) 

855 -Bimethylcyclohexanono 182® 0-8994 (17®) 

2^5-])lmethylcyclohexanone 176® 0-9083 (13®) 

44 -Dimethylcyclohexanone m.p. 38-40® — 

Other constants of cyclohexanones are given by Eisenlohr, C. 1926 I 76, 


Am. 38, 996 
J. 1930, 768 
C. r. 140, 36 
C. r. 140, 36 
Ann. 376, 169; 
C. r. 170, 973 
C. r. 144, 143 
C. r. 142, 663 
Ber. 28, 781 
C. r. 142, 663 
Ann. 297, 163 
fC. r. 142, 663 
\Ann. 867, 202 
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Cyclohexanone^ pimelic ketone^ keto-hexamethylene, ^'anone'*^ 

.CHa—CHav 

HaC< >CO , 

an oil with an odour like peppermint, has been detected in wood spirit oil 
and, with its homologues, in heavy acetone oil. It can be obtained (1) by 
the oxidation of cyclohexanol (p. 99); (2) by catalytic reduction of phenol 
or cyclohexenone {Kdtz, J. pr. Ill, 373); the mechanism of this hydro¬ 
genation, and the intermediate formation of a molecular compound of 
cyclohexanone and phenol, have been studied by Vavon (Bull. 87 (1926), 
296); (3) by the distillation of the salts of pimelic acid or of pimelic anhydride 
(I, 661); (4) by the action of COj on magnesium derivatives of 1,6-dibromo- 
pentane (p. 18 and Orignard, C. r. 144, 1368); (6) from nitro-cyclohexane 
(p. 106) by treatment with glacial acetic acid and zinc dust {Markovnikov, 
Ann. 302, 18). 

Like camphor, menthol etc. cyclohexanone behaves as a catalyst for the 
combination of SO2 and Cl2 to SO2CI2. On reduction it yields cyclohexanol, 
while nitric acid oxidises it to adipic acid {Rosenlev, Ber. 39, 2202; Holleman, 
Rec. 24, 19). Na-cyanacetic ester combines with cyclohexanone, COj and 
EtOH being split off, and A^-cyclohexenyl-cLcetonitrile, b.p. 112°/27 mm., 
formed {Birch, Kon, J. 123, 2444). Condensation with ethyl bromoacetate 
and zinc produces ethyl 1-cyclohexanol-l-acetate. It condenses with 
ethyl aceto-acetate and NaOEt with formation of ethyl zV^-cyclohexenyl- 
aceto-acetate; the free acid, m.p. 121®, gives a mixture of isomeric cyclo- 
hexenyl- and cyclohexylidenc-acetones on ketonic hydrolysis (p. 125; Kon 
et al., J. 1928, 1638). For conversion into /^-decalone see Mannich et 
al., Ber. 70, 365. In presence of NaOEt, CaHj, or mineral acid, two or 
three molecules of cyclohexanone condense with the formation of cyclo- 
hexylidene-cyclohexanone, (CaH80):(C2Hjo) {W. Huckel, Ann. 477, 119), 
dicyclohexylidene-cyclohexanone, (CqHjo) :(CaH0O) :(CaHio), b.p. 214—217®, and 
dodecahydro-triphenylene {Mannich, Ber. 40, 163; Vorldnder, ib. 69, 2085). 
For electrochemical oxidation see Pirrone, Gazz. 60, 244. Illumination 
of an aqueous-alcoholic solution of cyclohexanone gives caproic acid and 
/l®-hexene aldehyde. With an excess of N3H cardiazole, a bicyclic compound 
containing a tetrazole ring, is formed {Schmidt, Ber. 67, 714). Cyclohexanone 
oxime, m.p. 87—88® {Bousquet, Org. Synth. 11, 66), is transformed by cone. 
H2SO4 into e-capro-lactam (I, 461). Semicarhazone, m.p. 165® {Kotz, J. 
pr. Ill, 398). Its phenylhydrazone, m.p. 74—77®, loses ammonia when treated 
with mineral acids and gives tetrahydro-carbazole (vol. IV) {Baeyer, 
Ann. 278, 100), For condensation with aromatic aldehydes see Vorlander, 
Ber. 68, 132; 69, 2078; Cornubert, C. r. 186, 1126. With benzaldehyde cyclo¬ 
hexanone condenses to a mono- and a dibenzylidene compound, PhCH: (C^HgO), 
m.p. 64*6® {Wattach, Ber. 40, 71), and PhCH:(CeH80):CHPh, m.p. 117-118® 
( Vorldnder, Ber. 69, 2081). Under special conditions it is possible to isolate 
a mono- and a dialdol, m.ps. 102® and 162®, which are intermediate products 
{Wallach, C. 1908 I 638). With nitrous acid di-isomtroso-cyclohexanone 
HON: (CgH^O) :NOH, m.p. 200® decomp, is ol^taiiied {Borsche, C. 1909II1549). 
Chlorine and bromine react readily to give 1,2-chloro- and 1,2-bromo-cyclo- 


hexanones, b.p. 82®/10 mm. and b.p. 89®/14 mm. Excess of Brj gives a 
tetrabromo compound, m.p. 120®, which, on heating, loses HBr and forms 
2,6-dibromophenol {Kotz, Ann. 343, 40). 

.CHMe—CHav 

2-Mcthyl-cyclohexanone^ CO^ /CH2, m.p. 165®, semi- 

^CHa CHa^ 

carbazone m.p. 196—196®, is obtained from methyl-cyclohexanol, or from 
hydroxymethylene-cyclohexanone, or from cyclohexane with CO and AICI3. 
In the last reaction, ring contraction (p. 47) does not take place, but a 
CHa-group is extruded into a side chain and is replaced by a CO-group 
{Ho'j^f, Ber. 66, 483). For the phenylation and benzylation of 2-methyl- 
cyclohexanone see Cornubert, C. r. 186, 1126. 
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^CHg—CHMe. 

S-Methyl-cycIohexanone, CO<(^ /CH2, has been obtained in 

^CHa-CHa^ 

an optically active dextrorotatory form, [a]D 4-12*6®, by decomposition of 
natural pulegone {Tiemann, Ber. 80, 23; J. pr. 61, 477). It occurs in 
American pennyroyal oil and in Japanese peppermint oil {KremerSy J. Biol. 
Ch. 50 (1921), 31). 

On oxidation with HNO3 both a- and )?-methyl-adipic acids are formed 
{Marhovnikov, Ann. 836, 299). Its oxime, m.p. 44®, is transformed by cone. 
HaS04 into a mixture of fi- and d-methyl-e-caprolactam ( Wallach, Ann. 846, 
263). For its conversion into m-cresol, see Wallach, Ber. 82, 3338. The 
action of NaNHa and the appropriate alkyl iodide on 3-methyl-cyclohexanone 
gives l-methyl-4-cthyl- and l-mcthyl-4-propyl-cyclohexanone-8, b.ps. 84®/ 
18 mm. and 98®, and many homologous cyclohexanones have been prepared 
{Oornubert, C. r, 186, 441); see synthesis of menthonc, p. 230. The 
active ketone condenses, partly in its enolic form, with ethyl succinate 
{Stohhe, J. pr. 89, 341) and with aromatic bases {v. Braun, Ann. 507, 27). 

The Germ. Pat. 619,470 describes the use of cyclohexanone and methyl- 
cyclohexanone for purifying glycerol. A condensation product of the 
dihydro-1,3-dioxol typo, which easily dissociates, is formed as an inter¬ 
mediate. For the action of hydrazine hydrate upon cyclohexanone and 
methyl-cyclohexanones see Mailhe, C. r. 174, 466, and for the ultraviolet 


absorption of alkyl-cj’clohcxanoncs see Ramart-Lucas, Bull. 58 (1933), 744. 

4-Methylcyclohexanono9 b.p. 170®, oxime m.p. 37-'39®, semicarbazone m.p. 
197® is obtained from y-methylpimclic acid by distillation with CaO (Einhorn, 
Ehret, Ann. 295, 186), from 4-methylcyclohexanol by catalytic oxidation 
{Sabatier, Mailhe, 0. r. 140, 562), and from 4-mothyl-l-cyclohexanol-l- 
carboxylic acid by treatment with cone. H2SO4 at —10® {Perkin, J. 89, 836). 

2-Chloro-cyclohexanone, m.p. 22-23®, is prepared, together with diehloro- 
cyclohexanone, m.p. 72-73®, from cyclohexanol and chlorine {Meyer, Helv. 16, 
1291; Bartlett, Am. 56,1990). 2-€hloro-2-mothyl-cyclohoxanono, b.p. 78-79®/ 
14 mm., is obtained from 2-methyl-cyclohexanone with chloro-urea. 2-Ohloro- 
4-inethyl-cycloliexanone, cis b^p. 80-82®/12 mm., trans b.p. 110-112®/!2 mm., 
is obtained by chlorinating 4-methyl-cyclohexanone in the presence of 
water and CaCOg {Gochhot, C. r. 180, 296; 181, 919; Bull. 89 (1926), 83). 

2,2-Dimethyl-cyclohexanone is formed from 1-isopropyl-cyclopentane- 
1,6-diol (p. 66) by pinacolin rearrangement and simultaneous ring 
enlargement {Meerwein and Unkel, Ann. 876, 162). 

Stereoisomeric and optically active forms of 2,6-, 2,6- and 3,6-dimethyl-cyclo- 
hexanones have been studied by Skita, Ber. 56, 2236 and v. Braun, ib. 60,2442. 

8,5,5 - Trimethyl - cyclohexanone, dihydro-isoacetophorone {Pringsheim 
Angew. 40, 1392), b.p. 63‘5—54®/ll mm., semicarbazone m.p. 202®, occurs 
in heavy acetone oil and has been obtained from dihydro-isoacetophorol, 
the reduction product of iso-acetophorone, by oxidation with chromic acid 
For transformation of the oximes, see Wallach, Ann. 846, 256 2,4 4-Tri- 

methyl-cyclohexanone, b.p. 191®, b.p. 61®/11 mm., is obtained from 2 4 4- 
tnmethyl-cyclohexenone (p. 11(J) (id. ib. 824, 97); it too has been found’in 
heavy acetone oil {Pringsheim, Ber. 58,414). 2,2,6-Trlmothyl-cyclohexanone, 
b.p. 66-67®/10 mm., occurs in the essential oil of labdanum {Masson 
C. r. 154, 617). 8,6,6-Trimethyl-cyclohexanone: see pulenone (p 236) 

S3-84®/13 mm., semicarbazone m.p. 
133*5-134® decomp is prepared from o-allyl-phenol by hydrogenation, 
and from the alcohol with dichromate {Yavon, Bull, 41 (1927) 1638) 

3-I«opropyl-cyeloh«xajlone, b.p. 94»/16 mm., semicarbazmie m p 187» is 

reduction 

Cyclohexanones with aromatic substituents have been prepared bv 
Comubert, Bull. 2 (1936), 196. preparea oy 

mth imaa\urated aide chains-. 2-Allyl-cyclohexanone, b.p 
94®/16 mm.; 2-methyl>2-allyl-cyclohexanone, b.p. 96-97®/14 mm., can be 
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obtained from the ketones with allyl halide + NaNHj {Cornuhert, C. r. 158, 
1900). Polyallyl-cyclohexanones see ib. 


b.p. 220®, 


/CHa—CHj. 

l^l-Isopropylidene-cyclohexanone, CO<^ : CMea, 

^CHa—CHa^ 

semicarhazone m.p. 205®, is obtained from the corresponding carboxylic 
ester (p. 139) {Perkin^ Simonsen, J.91,1736) and from sabinene by oxidation 
with CrOaCla {Henderson et al., J. 121, 2721). 

/CHo— 


l,4-l8opropenyl -cycl ohexanone, CO 




\CH_ 

184-186«/300 mm. {Perkin, J. 85, 669). 

2-Methylcno-5-isopropyl-cycIohexanonc-l, 

(p. 237). 

/CH(OH).CH2v 

Ping-ketols: l92-Cyclohexanolone, COc ^CH, 


CH.CMeiCHa, b.p. 


santolinenone, see Terpenes 




m.p. 


130® 


{Bergmann, Ann. 448, 60), sublimes very easily; it is formed from 1,2-chloro- 
cyclohexanone with alkalies. It yields adipic acid on oxidation with KMn04 
{Bouveault, C. r. 142, 1086; Kotz, J. pr. 80, 488). 4 (or 6)-Methyl-1,2-cyclo- 
hcxanolono, MeCaH80(OH), b.p. 86®/12 mm., is obtained from methyl-bromo- 
cyclohexanone {Zelinsky, Ber. 85, 2695). 3-Methyl-l,2,8-cycIohexanone-dioI, 
MeCeH70(0H)2, m.p. 62®, is formed from S3nithetic methyl-cyclohexenone 
(p. 115) and also from /l^’^-dihydro-toluene (p. 97) by oxidation with KMn04; 
on boiling with dilute sulphuric acid it yields l-methyl-cyclohexane-2,3-diono 
{Harries, Ber. 35, 1176). 1,3-Cyclohexanolones must be assumed as inter¬ 
mediate products in the formation of cyclohexenones from l,5-diketone8 
C—COMe 

C(^ , some of which should perhaps be given the formula 

^C—COMe 


cr 


-CO 


\ 


CHa, (p. 114) {Robe, Ann. 323, 83; Knoevenagel, Ber.36,2218). 


^Me 

Cyclohexane-diones, diketo-hexamethylenes. — The three isomeric cyclo- 
hexane-dioncs predicted by theory are all known. 

1.2- Cyclohexane-dione, o-dikeio-hexamethylene, m.p. 38—40®, is obtained 
from cyclohexanone by the action of KOH on the dibromo compound; dioxime 
m.p. 189—190®. It also reacts in the keto-enol form as the simplest 

QJJ_QJJ 

“diosphenol” (P- 237): CH,/ ‘NcO. 

\CH: C(OH)/ 

]-Methyl-2,3-cyclohexane-dioiie, m.p. 64—65®, from methyl-cyclohexanone- 
diol (see above) by loss of water, smells strongly of quinone {Harries^ 
Ber. 35, 1178). 

The dioximes of 1,2-cyclohexane-dione and of its homologues are cyclic 
homologues of glyoxime and form sparingly soluble, coloured salts with 
certain metals of the transitional groups, especially with Ni. The sensitivity 
of the red colour with Ni is 1:10* {Wallcu^, Ann. 487, 148; Franz, ib. 166). 

1.3- Cyclohexanc-diono, dihydro-resorcinol, m-diketo-hexamethylene, 

/CHa COv /CH: C(OH). 

CO< >CHa or CO< >CH2, 

^CHa—CHa ^ ^CHa-CHa^ 

m.p. 104—106® decomp., behaves as a weak acid, and should thus be regarded 
as an unsaturated cyclic ketonic alcohol. It is formed when Na amalgam 
is added to a boiling aqueous solution of resorcinol through which a stream 
of COa is passing. It may be synthesised by condensing ethyl y-acetyl- 
butyrato with NaOEt. Dihydroresorcinol is readily soluble in water, alcohol 
and chloroform, but only slightly in ether. It has an acid reaction and 
decomposes the alkali and alkaline earth carbonates. It can be esterified 
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directly with alcohol and HCl. On the other hand, it forms a dioxime, 
C,H,(NOH), + 2H,0, m.p. (anh.) 164-167®, which gives M-diamino- 
cyclohexane on reduction. Dihydroresorcinol combines with HCN to 
the dinitrile of l,3-dihydroxy-cyclohexane-l,3-dicarboxylic acid (p. 
Merling, Ann. 278, 20). With PCI 3 it gives chloro-cyclohexenone CeH^OCl, 
b.p. 104®/24 mm., and with PCI 5 dichloro-cyclohexadiene C 0 HeCl 2 , b.p. 89®/ 
29 mm. {Crossley, J. 88 , 494); with bromine 2 -bromo-dihydrorcsorcinol, 
CeH 702 Br, is formed. Dihydroresorcinol is decomposed by NaOBr or 
bleaching powder to glutaric acid and bromoform or chloroform, and when 
heated with aqueous baryta to 160—160®, it is hydrolysed to y-acctyl- 
butyric acid {Vorldnder, Ann. 294, 269; 808, 184; 322, 239, 246). 

Just as dihydroresorcinol is formed from y-acetyl-butyric ester (see above), 
so its homologues are obtained by condensation of other 5 -keto-carboxylic 
esters. These are prepared by combining ethyl sodio-malonate with a,/5- 
unsaturated ketones or alkylidene-aceto-acetic esters, or ethyl sodio-aceto- 
acetate with a,)?-un 8 aturated carboxylic esters. For example, when 
ethylidene-aceto-acetic ester is condensed with inalonic ester by means of 
NaOEt, the product hydrolysed and COg eliminated, methyl-dihydrorcsorciiiol 
is formed {Knoevenagel, Ann. 289, 137; Vorlander, ib. 294, 253). 


Me 

I 


Me 


io CHa iogR 


RO2CCH. CH. CHCO2R ^ -^^2 

io-CHa-Lo io. 


Me 

I 

C] 

CH 2 .00 


Substituted dihydroresorcinols; see Gilling^ J. 103, 2029; Boyd, ib. 117, 
1383, Isopropyl-dihydroresorcinol, MegCH-CgH^Og, m.p. 82® {Crossley, 
J. 81, 676). Phenyl-dihydroresorcinol, PhOeH^Og, m.p. 184® decomp. 
1,2-Dlphenyl-dihydroresorcinol, m.p. 160®, is obtained from phenyl-acetic 
ester, benzylidene-acetone and NaOEt (Borsche, Ber. 42, 4498). 

Styryl-dihydrorcsorcinol, (PhCH:CH)C 0 H 7 O 2 , from cinnamylidene-acetone 
and Na-malonic ester, is converted by bleaching powder into styryl-glutaric 
acid {Vorlander, Ann. 345, 206). 

5^5-Dimethyl-dlhydroresorcinol9 


McgC 


^CHa-CO>^ 


CH, 


or 


MegC 


^CH=C(OH)s^ 
\CH,- - Co/ 


CH 


2 ’ 


m.p. 148—160® decomp., obtained from mesityl oxide and sodio-malonic 
ester, gives with NaOBr or bleaching powder ^,/5-dimethyl-glutaric acid 
{Komppa, Ann. 368, 136). When reduced by Clemmensen's method it 
undergoes ring contraction to some extent, 2,4,4-trimcthyl-cyclopentanonc 
being found among the products {Linstead, J. 19®35, 1063). 5,6-Dimethyl-hydro- 
resorcinol, also known as methane, dimethone or dimedone, is often used for 
isolating aldehydes, with which it condenses to give products of the formula 
R*CH[CH:(COCH 2 ) 2 :CMe 2]2 {Vorldnder, Z. analyt. Ch. 77 (1929), 241; Klein, 
C. 1930 I 2086). For its condensation with ScOj see Stamm, Ber. 66 , 1668. 
Halogen derivatives see Vorlander, Ann. 322, 239. For its conversion 
into 1,1-dimethyl-di- (and -tetra-) hydrobenzene see Croasley, J. 93 , 629 
Trimethyl-dihydroresorcinol, m.p. 100®, id. J. 79, 143. For further reactions 
of the dihydroresorcinols see Friedmann, J. pr. 146, 66 , 71, 79 . 

The homologous dihydroresorcinols show the reactions of dihydro¬ 
resorcinol itself, and behave as diketones and also as unsaturated hydroxy- 
ketones. ^ 


1^4-Cyclohexanedione9 tetrahydro-quinone, p-diketo-hexamethylene, 

/CHg—CHg. 

CO< >CO, 

CHa^ 


m.p. 78®, results from hydrolysing ethyl succino-succinate with cone. 
Bulphurio acid, or with aqueous alcoholic HCl, COj being eliminated 



KETONES 


113 


{Baeyer, see p. 83). When ethyl succino-succinate is heated with MeOH 
or EtOH to 200®, acetals of 1,4-cyclohexanedione are formed: methyl-acetal, 
m.p. 81®, ethyl-acetal m.p. 89® {StolU, Ber. 34, 1344). 1,4-Cyclohexanedione 
is also produced in small quantities in the distillation of calcium succinate. 
Itp unites with sodium bisulphite, and forms a dioxime, m.p. 192®; the 
latter is converted by chlorine into l,4-dichloro-l,4-dinitroso-cyclohexane 
(ON)CCl(CHa.CH 2 ) 2 CCl(NO), deep-blue crystals m.p. 108®, transformed by 
AcOH -f- HGl into a colourless form melting at 128—130® decomp. These are 
cis-trans isomers, the blue form, in which the two nitroso groups are too far 
apart to interact, being the trans compound {Piloty, Ber. 86, 3101). With 
benzaldehyde and HCl 1,4-cyclohexanedione unites to form benzyl-hydro- 
quinone {StolU, Ber. 87, 3486). It forms quinitol on reduction; see also 
a,a'-dihydroxy-hexahydro-terephthalic acid (p. 146). 

2,5-Dimethyl-l,4-cyclohexanedione,m.p. 93®, is obtained from 1,4-dimethyl- 
succino-succinic ester {Baeyer, Ber. 26, 2121). 

N 4,6,6-Trimethyl-4-acctyl-l,8-cyclohexanedione, angustione, b.p. 129®/ 
16^mm., is a cyclic diketone with substituents which occurs naturally 
ini the essential oil of Bdckhousia angustifolia, together with dehydro- 
angustione. On oxidation it yields Z-a,a,y-trimethyl-glutaric acid {Gihaon, 
J. 1980, 1184). 

Cyclohexane-polyones. — Phloroglucinol yields derivatives, some of which 
are related in structure to 1,3,6-trihydroxy-benzene, and others to cyclohexane- 

l, 3,6-trione. They will be discussed at the end of the section dealing with 
pyrogallol and hydroxy-hydroquinone, together with the hexaalkyl deriva¬ 
tives of phloroglucinol (vol. III). 

l-Dodecyl-cyclohexane-2,8,6,6-tctrone, ernhelin, 

CO—6o. 

Ci2H25-CH< >CH2, 

\co—co/ 

* 

forms orange red crystals melting at 143®. It occurs in the fruit of the Indian 
shrub Emhelia ribes. The two CO-groups* can enolise {Narghund, J. Ind. chem. 
Soc. 8, 237). It is used as an anthelmintic; cf. Natural Substances p. 422. 

Hexaketo-cyclohexane or triquinoyl, C^Og + SHgO, is described among 
the quinones (vol. III). 

Halogen substitution products of the ring-ketones of cyclohexane are formed 
in the continued action of chlorine and bromine on phenols, quinones and 
hydroxy-quinones. Many of the ketochlorides readily rearrange into halogen 
keto-pentene derivatives, and decompose into highly chlorinated aliphatic 
compounds, such as ketones, ketonic acids, and fatty acids (see vol. III). 

^.CCl2—CJO 

Heptachloro-l,3-cyclohexanedione, heptachloro-resorcinol, CO ^CClj, 

'^CCl2—CHCl 

m. p. 60®, b.p. 170®/26 mm., is obtained from resorcinol (vol. Ill) and CI 2 
in chloroform. For its decomposition products see vol. III. 

2,8,6,6-Tetrabromo-cyclohexanedione, quinone tetrahromide. 


/CHBrCHBr. 

CO<f /CO, see vol. III. 

^CHBrCHBr/ 

/CCI 2 —CO^ 


Hexacli]oro-l,8,6-cyclohexanctrione, CO<; /CClg, m.p. 48®, b.p. 

^CCl2—CO*^ 

268®, is formed by the action of chlorine on phloroglucinol in CHCI3 {Zincke, 
Ber. 22, 1473). Its decomposition is dealt with in vol. III. Pentabromo- 
/CBr2--C(OH). 

eyclohexenol-dlone, COs^' _ _ ^'^Br + HjO, m.p. 119® decomp., is 


CBrj- 


-CO-^ 


produced when bromine acts upon phloroglucinol in water. It forms amber 
coloured crystals and is a strong acid. 


Richter-Anschiltz ii. 


8 
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Hexabromo-cyclohexatrione^ CeBigOg, m.p. 147® (Zincke, Ber. 23, 1729; 
24, 912). Tri- and tetra-chloro-cyclohexane-tetrones. 


/CO--CCI2V 
CO< >CO, 

\CCL—CO/ 


are obtained from chloranilic acid and chlorine. The corresponding bromine 
derivatives arc made from bromanilic acid {LandoU, Ber. 26, 846). 


(b) Ring Ketones 0! Cyclohexenes. — Ketones of this class have 
been isolated from heavy acetone oil, together with saturated ring 
ketones {Pringsheim, Angew. 40, 1390). They have been prepared by Kotz 
(J. pr. 80, 490) by rt3moving water from ring-ketols by means of anhydrous 
oxalic acid, or removing hydrogen halide from halogenated ring ketones, 
or by dry distillation of cyclanonyl xanthates. Their synthesis has been 
achieved by Robe (Ann. 332, 22; cp. vol. Ill) by condensing ethyl aceto- 
acetatc, acetono-dicarboxylate or analogous compounds with alkylene 
di-iodides, such as methylene iodide, or with aldehydes in the presence of 
small quantities of bases like diethylamine or piperidine. 1,6-Diketo- 
carboxylic esters, e.g. methylidene-, ethylidene-, isobutylidene-diaceto- 
acetic esters and methylene-bis-acetone-dicarboxylic esters, are formed in 
this process. Some of these compounds probably have a cyclic structure 
and should be formulated as esters of cyclohcixanolone-dicarboxylic acids. 
When treated with dilute ethereal HCl they lose water and pass into carboxylic 
esters of ^^.^y^jj^hexenones; finally, by action of alkalies or dilute acids, 
they are hydrolysed to give the ketones themselves, with loss of OO^iKnoeve- 
nagel, Ann. 289, 131): 

ROOC. CH. COMe KOOC. CH • C(OH)Me ^ ^ ROOC • CH. CMe CHg • CMe 

CHa or CH^CHa —CH 2 CH-^ CH^ CH . 

ROOC. CH. COMe ROOC-CH-CO ROOC-CH-CO CHa-CO 

From acetyl-acetone with aldehydes, tetraketones, 
(MeCO) 2 CH.CHR.CH(COMe)a, 

are obtained, which by double ring closure yield hicyclic systems whose 
structure has not yet been ascertained {Knoevenagel, Ber. 30, 213G). 

From the nitrosochlorides of some cyclohexenes zl®-cyclohexenones have 
been prepared by loss of HCl, by means of NaOP]t or^NaAc + AcgO and 
hydrolysis of the resulting oximes with oxalic acid or phthalic anhydride. 

A methyl-cyclohcxcnone has been obtained by heating methyl-cyclohexcne 
with SeOa (Germ. Pat. 582,645). 

With sodium and alcohol ^^.^ydohexenones are reduced to the saturated 
cyclohexanols (p. 98). If, however, sodium amalgam in acid solution is 
used, two molecules unite and derivatives of diketo-perhydro-diphenyl are 
formed. Thus, 3-methyl-zl^-cyclohexenono gives 


CH. 


.CHa—CHax /CHa—CH.. 

>CMe.CMe< > 

\CO— CR/ -CHa —CO/ 


CHa. 


By the action of two molecules of hydroxy lam ine ketoximes are first formed 
and then, by addition, hydroxylamino-oximes; from B-methyl-zJ^-cyclo- 
hexonone e.g. 3-methyl-3-hydroxylamino-cyclohoxanone-oxime (Harries^ 
Ber. 32, 1316). Conversion of the dibromides of alkyl and aryl substituted 
cyclenones into phenols; Petrov, Ber. 63, 898. 


J2.Cyclohexenone, CO/ ^CHg, b.p. 63®/14 mm, is prepared 

^CHa—CHa' 

from 1,2-Cl- or 1,2-Br-cyclohexanone (p. 110) by boiling with aniline or, 
together with J®-cyclohexenol, from cyclohexene and Oa in the presence 
of colloidal Os-salts (Kotz, J.'pr. 80, 491; 111, 373); also from J^-cyclohexenol 
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or chloro-zJ*-cyclohexene by oxidation with chromic mixture {Courtot, Bull. 
45 (1929), 286), and from 1 , 2 -cyclohexanolone with anhydrous oxalic acid. 
Its unstable dibromide loses 2 HBr easily and is converted into phenol. The 
oxime melts at 76® and yields aniline on boiling with acetic anhydride; hy^ 
droxylamino-oxime, m.p. 60° {Kotz, J. pr. 80, 601). A compound derived 
from /d®-cyclohoxenonc, b.p. 208°, semicarbazone m.p. 264°, is thought to)be 
the cause of the smell of normal urine (“urinod”) {Dekriy Am. 36, 2166; 
Anderson, J. Biol. Ch. 26, 409). 

/CMe=CHv 

2- Methyl-zl®-cyclohexenone, CO<^ yCHj, b.p. 179°, semicarha- 

^CH2—CH2'^ 

zone m.p. 193°, is obtained from the nitrosochloride of zJ^-methylcyclohexene 
{Meerwein, Ann. 869, 303), or from 2-chloro-2-methylcyclohexanone-l with 
quinoline. With MeMgl it gives cantharenol, l,2*J®-dimethyl-cyclohexenol-l 
(p. 97). 

.CH=CMe. 

3- Methyl-J®-cyclohexenone, CO<^ /CHj, b.p. 200®, is a mobile 

—CH2 

liquid of pleasant odour. Its bromine addition product decomposes spon¬ 
taneously into HBr and m-cresol. Two isomeric forms seem to exist, one 
miscible with water and another difficultly soluble in it. They show the 
same chemical behaviour and both are oxidised to y-acetyl-butyric acid by 
KMn 04 . The oxime, m.p. 89° gives m-toluidine on boiling with acetic acid. 
The hydroxylamino-oxime, m.p. 84°, gives a nitroso-oxime on oxidation with 
mercuric oxide. When heated with cone. KOH, 3-methyl-^®-cyclohexenone 
is converted into a polymer, m.p. 113°, which resembles an aldol. It combines 
with ethyl sodio-accto-acetate to form a 1 , 6 -diketo-carboxylic ester, which 
undergoes ring closure and gives a bicyclic kotonie alcohol {Knoevenagel, Ber. 
32, 423; Ann. 297, 142; Hahe, Ber. 37, 1671; 40, 2482; Wolff, Ann. 322, 382). 

5-Methyl-zl®-cyclohexenone-l, b.p. 170°, semicarbazone m.p. 182°, has 
been prepared by heating with quinoline the mixture of stereoisomeric 
4 -chloro-ketone 8 obtained by chlorinating 1,3-methyl-cyclohexanone {Godchot, 
Bull. 39 (1926), 83). 

2-Methyl-3-ethyl-zl®-cyclohexene-l-one, b.p. 106°/19mm., is formed from 
dipropionyl-propane by heating with aqueous alkalies or acids. 

2-lsopropyl-zJ®-cyclohexene-l-one, semicarbazone, m.p. 166—166° {Meer- 
vjein, J. pr. 104, 289). The oxime, m.p. 72°, was prepared by Wallach (Ann. 
360, 69) by treating the nitrosochloride of l-isopropyl-zl^-cyclohexene with 
sodium acetate or piperidine. The nitrosochloride, m.p. 128*6°, is formed 
when water is eliminated from l,l-dimethyl-cycloheptanol -2 and the resulting 
hydrocarbon is treated with glacial acetic acid, NaN 02 and HCI. 

/CH=CH. 

4- Isopropyl-/l®-cyclohexenone, CO<^ yCH• C 3 H 7 , b.p. 99°/10mm., 

^CH2—CH 2 

semicarbazone m.p. 186° dec. The laevorotatory form occurs in the pine needle 
oil from Finns montana (P. pumiho) and in the oil from Eucalyptus cneorifolia 
{Wienhaus, Sckimmel Ber, Jub.-Ausg. 1929, 233; Cahn, Penfold, Simonsen, 
J. 1931, 1366; Berry, Macbeth and Swanson, J. 19379 986). It is formed, 
together with 4-isopropylidene-cyclohexanono‘ when sabinaketone (p. 240) 
and nopinone (p. 262) are heated with dilute H 2 SO 4 , and by autoxidation 
of /?-phellandrene (p. 212). It polymerises very easily, especially when 
alkali is present. With MeMgl, water is split off and a-phellandreno (p. 212) 
is formed {Meerwein, Ann. 369, 270). 

5- Isopropyl-zJ®-cyclohexene-l-one, b.p. 94°/16 mm., and especially its 
3-methyl derivative, b.p. 114—116°/12 mm., which were prepared by Knoeve^ 
nagel (Ber. 26, 1089) from ethyl isobutylidene-diaceto-acetate with alkali 
or acid, are used as stimulants of respiration and circulation, under the 
name of '‘''hexetone^' {Gottlieb, C. 192411232). The physiological effect depends 
on the isopropyl group being attached to the six-membered ring in the 
3-position to the CO; the presence of the double bond is not essential {Wede-^ 

8* 
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kind, Angew. 38, 316). — For the resolution into optical antimers see Wegler, 
C. 1936 I 63. . ^ 

895 -Bimethyl-^d’^-cyclohexenone, b.p. 211 ®, is obtained by the action of 
dilute H 2 SO 4 on ethyl ethylidene-diacetoacetato. Its dibromide easily 
passes into symm. xylenol (vol. Ill) (Wallach, Ann. 281, 111; Rabe, Elze, 
ib. 828, 100); its oxime, m.p, 68-74®, when heated with HCl, gives symm. 
xylidine {Wolff, Ann. 822, 381). 

5,5-Blmethyl-/d®-cyclohexeiiono, b.p. 88*6®/32 mm., is obtained by 
reducing with zinc dust dimethyl-chloro-cyclohexanone, the product of the 
action of PCI3 upon dimethyl-dihydroresorcinol. With permanganate it 
gives a-hydroxy-/l,/?-dimethyl-glutaric acid and as.-dimethyl-succinic acid 
{Crosaley, J. 91, 78). 

8 , 5 , 6 -TrImethyl-z 1 ®-cyclohexenone 9 iso-acotophorone, isophorone, C 9 H 14 O, 
/CH—CMe. 

CO/ /CH 2 , b.p. 89®/10 mm., semicarhazone m.p. 181—182®, has 

^CHa—CMca/ 

been detected in heavy acetone oil {Pringsheim, Angew. 40, 1390), and is 
produced in the condensation of acetone by lime, NaOEt or NaNHg, or of 
mesityl oxide with ethyl sodio-aceto-acetate, followed by hydrolysis and 
elimination of COg from the isophorone-carboxylic ester first formed (p. 139), 
and also by heating dimethyl-cyclohoxenone-acetic ester in alcoholic solution 
with lime {Freund, Ber. 86 , 2322). It is isomeric with phorone, camphor- 
phorone, iso-camphorone, nopinone, camphenilone and the fencho-cam- 
phorones (see below). When reduced with Na -|- EtOH it forms dihydro- 
isophorol, C 9 Hi 7 (OH), which by loss of water yields trimethyl-cyclohexene, and 
by the reduction of its iodide triraethyl-cyclohexane {Knoevenagel, Ann. 297, 
194). When it is oxidised with permanganate, the ring is opened and several 
acids are obtained: y,y-dimethyl-a,e-dieto-heptylic acid C 9 H 14 O 4 , y-acetyl- 
)3,/9-dimethyl-butyric acid CgHi 403 , and as. dimethyl-succinic acid {Croasley, 
J. 96, 19). Isophorone gives two isomeric oximes b.ps. 76® and 100®, which 
are converted into l-amino-3,4,5-trimethyl-benzene on heating with HCl to 
170® {Bredt, Ann. 299, 166; Karp, ib. 193; Wolff, Ann. 322, 379). 

Besides isophorone, the condensation products of acetone contain more 
highly condensed ketones, the so-called xylitones, CigHjgO, probably formed 
by condensation of a further molecule of acetone with isophorone. The 
xylitones produced by different condensing agents, such as lime, NaOEt, 
and HCl, all seem to differ from one another. An isomeric xylitone, b.p. 
133®/!2 mm., not identical with any of the others, has been obtained by 
the addition of ethyl sodio-aceto-acetate and phorone. 

29494 -Trimethyl-zl^-eyclohexenone, b.p. 196—196®, is formed from a-cyclo- 
geranic acid (p. 207) and HOI, together with the corresponding alcohol, 
b.p. 193®/760 mm., which is oxidised by chromic acid to the ketone 
{BougauU, C. r. 160, 397), and also from a-cyclogeraniolene nitrosochloride 
(p. 95) {WaUach, Ann. 324, 97). 


A 

8-Methyl-6-isopropyl-J ®-cyclohexenone 9 CO<^ 




b.p. 


^CHa~CH(C3H7)'^ 

244®. Its dibromide is readily transformed into symm. carvacrol (vol. Ill) 
{Knoevenagel, Ber. 20, 1089; 27, 2347; Ann. 288, 367). 8-Methyl-6-lsobutyl- 
and 8-methyl-6-hexyl-d3-cyclohexoiioiies9 b.ps. 147®/22 mm. and 167®/22 mm. 
(id. Ann. 288, 336, 344). ' 


.CHg -CH. 

4-Isopropyl-J3-cyclohexenone CO<^ ^C CgH^, b.p. 95®/12mm., 

^CHg—CHg*^ 

semicarhazone, m.p. 170®, is formed from the HCl addition product of sabina- 
ketone (p. 240) by heating with dimethylaniline. Mineral acids transform 
it into the J®-ketone. With MeMgl it yields terpinenol-l {Wallach, Ann. 
862, 280). 29298 -Trimethyl-z]®-cyclohexenoiie 9 b.p. 86-90®/ll mm., and 
2929896 -tetramethyl-J®-cyclohexenone 9 b.p. 90®/ll mm., are related in 
structure to irone. The first is formed from 2,6-dimethyl-3.hexene- 
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2,6-dicarboxylic ester by ring closure with NaOEt; the latter by a similar 
reaction in the presence of Mel {Ruzicka^ Helv. 2, 144). 

4-Methyl- and 294-dimethyl-J*-cyclohexeii(meS9 b.ps. 192® and 194®, are 
found among the ketones of wood-tar {Bihal^ C. r. 182, 342). 

.C(OH)=CH. 

/4*-Cyclohexene-2-ol-oiie, CO/ yCH,, m.p. 38-40®, is ob- 

0112 OII 2 

tained from cyclohexanone by bromination followed by treatment with 
KOH. Phenylurethane, m.p. 124®. It can react as a 1,2-diketone, see p. Ill 
2-Methyl-cyclohexanone yields the corresponding methyl derivative (IfaZtoc^, 
Ann. 487, 173). 

Halogen-substituted cyclic ketones of cyclohexenes are produced by the 
action of CI2 on phenols, anilines, hydroxy-benzoic acids, etc. They 
decompose easily (see vol. Ill) {Zincke, Ber. 23, 3777; 25, 2688; 27, 647, 650, 
660; Ann. 267, 16; BiUz, Ber. 37, 4003). 

Heptachloro-cyclohexcnones, 

/CCl- --CCk /CCI2—CHCL 

CO< >CCl2 and GO( >001, 

\OCl2—OHOK \OOl2 —OOF 

a-compoiind m.p. 98® and /3-compound m.p. 80®, result from the action of 
chlorine upon-m-chloraniline. 

Octochl oro-cycl ohexenonc, 

/OOl -00k /OOI2—00k 

00< >0012 or 00< >001, 

\CCI2—OOIg/ ^CCl^—CC]/ 

m.p. 103®, results from the action of chlorine upon pentachloro-phenol in 
AcOH solution, and from perchloro-m-hydroxy-benzoic acid. It can be 
reduced to pentachloro-phenol. 

00—OCI 2 . 

nexachloro-l,2-cyclohexcne(lioiic, 00< >0012 + 2H20, m.p. 93® 

\C01=001/ 

decomp., is formed when chlorine acts upon pyrocatechol or o-aminophenol 
hydrochloride in AcOH. SnCl2 reduces it to tctrachloro-o-benzoquinone 
(vol. III). Homologous 1,2-diketo chlorides have been obtained from o-diamino- 
methyl -benzenes. 

.OCI2—00. 

Pentachloro-l,8-cyclohcxenedione, 00<; /OOlg, m.p. 92®, b.p. 

\C01=--CH/ 

160®/25 mm., results from the action of chlorine on resorcinol in chloroform 
solution. 

,0012—00. 

Hexacliloro-1.8-cyclohexenedionc9 CO<; V^Ok, m.p. 115®, b.p. 

\0G1=C0K 

169®/14 mm., is produced when chlorine acts upon 3,6-dihydroxybenzoic 
acid in AcOH. 

,0012—OOI 2 . 

Hexachloro-l,4-cycIohexenedione, CO<; /OO, m.p. 89®, b.p. 

\C01=00K 

184®/46 mm., is formed when chlorine acts upon p-aminophenol hydro¬ 
chloride in AcOH. For its decomposition see vol. III. 

3-Methyl-5-(dimethyl-2',6'-heptadlenyl)-/12-cyclohexenc-l-one, b.p. 197 
—198®, is a ring ketone unsaturated in the ring as well as in the side chain. 
It is prepared by condensing citral (p. 204) with two molecules of ethyl aceto- 
acetate and treating the resulting citrylidene-bisaceto-acetic ester with 
alcoholic potash {Knoevenagel, J. pr. 97, 331). 

(c) Ring Ketones of Cyclohexadienes. — There are two possible 
cyclohexadienes, and from each a monoketone might be derived. Neither 
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compound is known, since they are simply keto forms of ordinary phenol, 
but in tetrachloro-cyclohexadienone, 


/CCI2—CH. 

CO< JCGl 

\CC1=CH/ 


/CCl=CH. 

CO/ >CCl2, 

\CC1=CH/ 


CClg—CCk 

m.p. 122®, and in hexachloro-cyclohexadionone, 


106®, we have chloro derivatives of one or of both cyclohexadienones. The 
first compound is formed from trichloro-phenol and chlorine, and the second 
most conveniently by heating a-heptachloro-cyclohexenono (see above) 
{Zinckcy Ber. 27, 646), and also by treating phenol, anisolo or pentachloro- 
aniline with chlorine (Barralj Bull. 11 (1896), 667). 

A.mong the ring ketones of the dihydrobenzenes we must also include a 
series of substances obtained as by-products in the action of chloroform 
and alkali, or of carbon tetrachloride and aluminium chloride upon o- and 
p-alkylated phenols, e.g.: 


/CH=CH. /R 
CO/ 


\3H=Ch/ \ 


/CH=CH. / 
CO^ >c< 


CHCI, 




CH==CH 




R /CH—CO. /R 

, CH<f 

CCI3 \ch=ch/ \chci. 


These compounds, which are reconverted by reduction with zinc* dust 
and glacial acetic acid into the original phenols with liberation of CH2CI2 
or CHCI3, react as ketones with phenylhydrazine, hydroxylamine, and semi- 
carbazide {Auwers, Ber. 36, 1861), and are insoluble in alkalies {Lindemanrif 
Ann. 431, 270). They are only formed in aqueous alkaline solution and not 
from the dry alkali phenates. It is supposed that phenol and OHCl, form 
a short-lived addition product which loses HCl and gives Ar*0011012. 

These ketones react with alkyl magnesium compounds to give compounds 
which are interesting because of the further changes which they undergo. 
The ketones (I) derived from p-alkyl-phonols yield normal tertiary alcohols 
(II) which split off water easily and give unstable alkylidcne-dihydro- 
benzenes (III) or “semi-benzenes” (p. 97); the latter change into true 
benzene derivatives (IV) with migration of the OHClg group, the change 
taking place in some cases at ordinary temperature and in others on heating 
{Auwers, Ann. 352, 219; Ber. 66, 2167): 


(I) 


CHg. /0H=0H. ECH.Mgi 

>0/ >00 -> 

CI2 OH/ \ch=oh/ 

(HI) ^ 

CH 3 . /CH=:0H. ^ 

> 0 / >C=0HR 

CI2CH/ \CH==CH/ 


(H) 

CH3^^^0H=OH^^^OH 

CljCH'^ \CH=CH^ ^CHjR 
(IV) 

CH,Cf >C.CHR.CHC1, 

\ch=ch/ 


With zinc and ethyl a-bromo-propionate the ketones (I) give esters of 
hydroxy-acids, which lose water under the action of formic acid and give 
semihenzene-carhoxylic esters: 


CljCH/^ \cH=Ch/ \cH(CH3).COOR 


CLCH-^ \cH=CH/' 


:C(CH3)C00R. 


The free acids are unstable and change readily into true aromatic acids. 
When an isopropyl group is introduced into ketone (I), a hydroaromatic ketone 


>So’ 

C1,CH/ \CH=CH 


is formed in addition to the tertiary alcohol (11) {Auwers, Ber. 49, 2396; 
Ann. 426, 280). 
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The ketones derived from the o-alkyl-phenols (V) behave differently. 
The alkyl magnesium compound adds on to the carbon double link and 
forms higher homologous /5,y-unsaturated ketones (VI), which by the action 
of cone, sulphuric acid are converted into the isomeric a,]3-unsaturated 
ketones (VII) with migration of the double bond. When the latter are heated 
with alcoholic potash, water adds on and the ring opens between the CO- 
group and the quaternary C-atom; the ring closes again with loss of HCl 
between the chlorinated C-atom and that which carries the newly-formed 
COOH-group (VIII), and finally p-dialkyl-dihydrobenzoic acids (IX) and 
1,4-dialkyl-cyclohoxadienes (X) are obtained {Auwera, Ber. 48, 1357, 1371): 


(V) 

Cl^GHv .00—CHv 

>C< >CH 

Mc^ 

(VII) 

CloCHv yCO -CH; 




Mo/ \CHo—CH / 


‘Sc-CH, 


R - 


(VIII) 

CHCl—C.COOH 
MeCH \.CH2R 

\ __ Z 


CH« CHo 


(VI) 

RCH,Mgi ClaCH. /CO—CH^v 

yG( >CH.CHaR 

Me/ \CH=CH/ 

(Vila) 

rClaCH. H HOOC—CHv "I 

>Cv ^C-CHaR 

Me/ ^CHa GK/ J 

not isolated 

(IX) 

CH—CCOOH 

Me(/ Nj-CHjR 

\ / 

CHs—CHj 


(X) 


MeC<f 


CH; 




^CHj—CH,/ 


.CCH,K. 


According to Auwers (Ber. 49, 2389) IMgCHaR adds on in the 1,4-position 
with subsequent ketonisatioii and rearrangement: 


C,CH C(0M,I,:CH 

Me/ \CH=--CH/ 


ClaCH. /C(OH): CH. 
y )C( >CH.CH2R 

Me/ ^CH-.-r^CH/ 


CloCHv .CO—CHav cone CI,CH. /CO - CH;^ 

>/ >H.CH,R ^ >/ y.CH,R 

Me/ /cH=Ch/ Me/ /CH,—CH/ 


KOH then reacts as above. — By using isopropyl-Mgl Auwers succeeded 
in synthesising a-terpinene (Ber. 48, 1368; cf. p. 210). 

4-Methyl-4-dlchloromethyl-cyclohexadicnone (see above formula I), m.p. 
66®, changes into trichloro-o-xylene Cl[5JCaH3[l]Me[2]CHCla under the 
action of PCI5, with intermediate formation of an unstable tetrachloride 
and migration of the Me-group {Driver, Am. 46, 2090). It combines with 
MeMgl to give l,4-dliiiethyl-4-dlclilorom©thyl-cyclohexadi©iiol (formula II, 
R—H). m.p. 96®, which decomposes easily into water and l-m©thylen©- 
4-m©thyl-4-dichlorom©thyI-cycloh©xadi©ne (III), a yellowish oil. On heating, 
the latter rearranges into 1 -methyl -4(-ft/5)-dichloroethyl-benzene (IV), 
while cone, sulphuric acid converts it into m-xylyl aldehyde, with migration 
of the Me-group. 

CH3 

4-M©thyl -4-tricliloroiiicthyl -cyclohexadicnone, 

CCI3 

m.p. 106®, oxime m.p. 134®, from p-cresol, CCI4 and AICI3, undergoes rearrange¬ 
ments which are similar to those of the corresponding dichloro compound 
(Zinche, Ber. 41, 897). 

2-M©thyl-2-dlchlorom©thyl-cyclohexadienon©,(V), m.p. 33®, b.p. 113®/9mm., 
gives with MeMgl: 2 , 6 -diiii©thyl-dicliloroiii©thyl-/d®-cycloh©xeiion©, dichloro- 


. .CH=CH. 
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fi,y-pulenenone (VI), b.p. 124®/15 mm., which is converted by H2SO4 into the 
isomeric 2 , 6 - dimethyl - 2 - dichloromethyl - J ® - cyclohexenone, dimloro-otfP- 
pulenenone (VII), m.p. 41®, b.p. 161®/16 mm; the latter, with alcoholic potash, 
gives zj^»®-dihydro-p-xylene(X), and by reduction with Na + EtOH: o,o,b-tri- 
methyl-cyclohexanol or pulenoL r Air*? 

Some phenols, e.c. p-cresol, combine with CCI4 in the presence 01 AIOI3 

CCI3V /CH^CH. 

to give trichloro-ketones, such as /CO, which with 

Me/ \CH==CH/ 

Grignard compounds yield tertiary carbinols (p. 110). The latter lose water 
even at 36®, with formation of trichloro-semibenzenes (p. 97), which change 
into true benzene derivatives when heated with water. With PCI3 these 

CCI3. /CH=CHv 

ketones give chlorides such as /CCI2. These rearrange 

CH3/ \CH=CH/ 

to chlorinated benzene homologues, with migration of methyl: 

/CMe=CH. 

CCl3-C<( >CC1. 

^CH—CH/ 

Zinc and ethyl bromo-acetate convert the ketones into hydroxy esters, 
which give with formic acid esters of semihenzene-carboxylic acids (p. 118) 
{Auwers, Ber. 66, 2167). 

The methylene-quinones and guinols, discussed later in connection with phenol 
alcohols (vol. Ill), are also monoketones derived from /l^’^-dihydrobt nzcne: 
/CH=CHv /CH=-CHv /R 

CO< >CR3, CO/ >c/ . 

\CH=:CH/ \OH 

Similarly, each of the two dihydrobenzenes is related to a diketone: 

o-Benzoqumone, 
o-diketo*dIhy(lro- 
benzeno 


CH / V): 

\CH=CH/ 

CH=CH 


!J£ J‘»*-Dlhydrobenzene • 


CH, 




'\ch=ch/ 


Nch, 


J*>*-Dihydrobenzene 


p-Bcnzoqulnone, 
p-diketo-dihydro- 
benzeiic 

These compounds are also discussed in the aromatic section together 
with the phenols to which they are related. 


/CO—CH. 

co< Sen 

\CH=:CH/^ 

/CH=.CH. 

CO< >CO 

\CH=CH/ 


4. EXOCYCLIC HYDROAROMATIC ALCOHOLS 


Alcohols of this type have been obtained: (1) from saturated and un¬ 
saturated ct)-cyclohexyl-Mg-(alkyl)-halides with ethylene oxide, aldehydes 
and ketones; (2) by reducing cyclohexane-carboxylic esters or exocyclic 
hydroaromatic ketones or by their reactions with alkyl-Mg halides; (3) by 
oxidising alkylidene-cyclohexanes with dilute permanganate; (4) from 
aromatic alcohols and their derivatives by catalytic hydrogenation {Skita, 
Ber. 48, 1691); (5) from cyclohoxanol by heating with aliphatic alcohols 
and ZnClj; (6) by reducing cyclohexenyl-carboxylic esters with Na and EtOH 
{Becherer, Helv. 8, 184); (7) from cyclohexyl-Mg halides with CHoO {Oilman, 
Org. Syntheses I 182). 


Cyclohexylcarbinol CeH^iCHaOH.b.p. 

d,/-Cyclohexylmethylearbinol 1 p „ rTTfc\Tf\nx 
d'Cyclohexylmethylcarbinol / ^«HiiOll(UH)CH3 .. ^ 

2 -Methylcyclohexylcarbinol ] ib.p. 

8-Methylcyclohexylcarbinol \ CH3C3H10CH2OH .. . Jb.p. 
4 -Methylcyclohexylcarbinol J [b.p. 

Cyclohexyldimethylcarbinol C3HiiC(OH)(CH3)2 .. .. b.p. 
i^ Cyelohexyletbylalcohol CeHaCHaCHaOH.b.p. 


181® 

190® 

82-83®/12 mm. 
116-117®/22 mm. 
116-117®/23 mm. 
106-107®/12 mm. 
96®/20 mm. 
97-99®/15 mm. 
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)3.Cyolohexylpropylalcohol CeHnCH(CH3)CH*OH .. b.p.222-224o 
y-Cyclohexylpropylalcohol CeHnCHj.CHa.CHaOH .. b.p. 104-1050/12 mm. 
a-Cyclohexylisopropylalcohol CeHiiCH 3 CH(OH)CH 3 b.p. 96—970/27 mm. 
l-Cyclohexyl-2-butajiol C,HiiCH 2 CH(OH)CH*CH 3 .. b.p. 126-1270/31 mm. 

Alcohols CeHii(CH8)nOH (n = 1 to 6), see Hiera and AdaTna, Am. 48, 2383. 

Cyclohexylcarbinol, hexahydro-benzyl alcohol^ is obtained from hexahydro- 
benzoic ester with Na + EtOH {BouveauU, C. r. 187, 60) or from cyclohexyl- 
MgBr with HCHO {Favoraky, Ber. 40, 4863). It can be converted into the 
chloride, the aldehyde and the acid by the usual methods. Chloride b.p. 
67—680/20 mm.; iodide b.p. 1030/30 mm. 

/5-Cyclohexyl-ethyl alcohol^ P-hexdhydrophenyl-ethyl alcohol^ is obtained 
from cyclohexylmethyl-Mgl and trihydroxy-methylene {Zelinahy, Ber. 41, 
2628), and, in small quantities, in the reduction of ethyl phenylacotate by 
BouveauWs and Blanche method. It smells feebly of peppermint, and not of 
roses like ^-phenylethyl alcohol (Darzena, C. r. 189, 862; Sahetay, Bull. 45 
(1929), 482). y-Cyclohexylpropyl alcohol has been obtained by complete 
hydrogenation of cinnamic aldehyde {Skita, Ber. 48, 1692). 

o)-Substituted cyclohexyl-alkyl bromides of the general formula 
CgHii(CH2)nBr, where n = 1 to 6, can be obtained from the alcohols with 
PBr3 or with HBr -|- H2SO4 (Hiera, Adama, Am. 48, 2386). 

l-Methyl-cyclohexane-l,7-diol, C3Hio(OH)-CH20H, m.p. 77°, is formed 
in the oxidation of mcthylcne-cyclohexane with KMn04, and from cyclo¬ 
hexene and trihydroxy-methylene with acetic and sulphuric acids (Matti, 
Bull. 61 (1932), 974). With acids it gives hexahydro-benzaldehyde (Wallach, 
Ann. 347, 331). 

l-Isopropyl-cyclohcxane-l,7-diol C3Hio(OH)*C(OH)Me2, m.p. 83°, from 
1,1-cyclohexanol carboxylic ester with MeMgl, undergoes the pinacolin 
transformation when heated with dilute H2SO4 and gives l-methyl-1-acetyl- 
cyclohexane (Tarbouriech, C. r. 150, 1606). 

1,2-Bi8-(diphenyl-hydroxymethyl)-cyclohexane, C32H32O2. (formula I, 
R -- H), cis m.p. 204—206° (dimethyl ether m.p. 170—172°); trans m.p. 186 
—185*6° (dimethyl ether m.p. 173—176°). Both are formed by the action of 
a solution of phenyl-lithium, made from bromobonzeno and Li in EtjO, 
upon cis or trans hexahydro-phthalic ester in abs. Et20 under Ng. HCl + MeOH 
or boiling acetic acid convert them into the corresponding glycol anhydridea 
C32H30O, cis m.p. 199°, trails m.p. 221*5°. The diastereomenc glycol-dimethyl- 
ethera (formula (I), R = Me) are converted into red organo-meUillic compounds 
(II) when shaken with a K-Na alloy under Ng. These are decomposed in 
alcohol to give the dibenzhydryl-cyclohexanes (cis and trans) (p. 91), which 
proves their constitution. When the metal atoms are removed by means 
of tetramethyl-ethylene-dibromide, the ring o|X5ns and 1,1,8,8-tetraphenyl- 
octadiene-1,7 C32H30 (III), m.p. 91—92°, is formed. The action of metals like K 
or Li upon this hydrocarbon partly regenerates the ring (II), and partly reduces 
it to 1,1,8,8-tetraphenyl-octane C32H34, m.p. 120—121*5° (Wittig, Ber. 67, 667): 

.CH2s^ 9R 

(5H2 CH—C(CeH5)2 CH2 CH—C(CeH3)2_^CH2 CH=C(C.H5)2 

CH, (^H—C(C,H5),~^CH, CH-C(C,H5).^CH, CH=C(C,H5),’ 

OR \cHj/ ^ 

I II III 

Ring-unaaturated exocyclic alcohola have been found in several essential 
oils, e.g. a dlhydro-cuminalcohol, perillalcohol C2Hi3CH20H b.p. 119-121°/ 
11 mm. in various oils such as those from gingergrass, Cymbopogon martini 
var. aofm, and from spearmint, Mentha crispa. Artificially, an alcohol of the 
CHgv /.CH2—CH 

\C*CH >C-CH20H, has been made by reducing perill- 

CH3/ 


formula 
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aldehyde (p. 229) with zinc dust and acetic acid. The same alcohol is formed 
when /^-phellandrene glycol (p. 212) is heated with dilute HaS04. Its chloride 
is reduced to limonene (p. 208) by Na+EtOH. By reducing the methyl 
ester of the corresponding perillic acid, or from dihydro-pei*3lamine with 

CH CH • CH 

Ag^Ot, dihydroperiOalcohol, *\c (5h * >CH-CH.OH, b.p. 109-113"/ 

CH,/ ^CHjCH, 

13 mm., can be obtained. It has a pleasant odour of roses {Semmlert Ber. 
44, 460; Williams, C. 1930 I 2087. 

For l-methylol-2,6,6-trimethyl-J2,(ji.j.0yelQjj0X^»ne, a- and fi-cyclo- 
ger^iol, CiqH igO, see Terpenes, p. 203. 

Vitamin A, which is discussed among the Natural Substances p. 662, 
also belongs to the exocyclic hydroaromatic alcohols. 

Exocyclic Hydroaromatic Amines. —Cyclohcxyl methylamine, hem- 
hydro-henzylamine, CeHn'CHaNHa, b.p. 163®, benzoyl compound m.p. 108®, 
is obtained from cyclohexyl-acetamide with KOBr, and from hexahydro- 
benzonitrile by reduction. With nitrous acid it partly undergoes ring enlarge¬ 
ment and is transformed into cycloheptyl alcohol (p. 71) (Wallach, Ann. 353, 
298, 326; 414, 229). 

^-Cyclohexyl-ethylamine^ CeHji.CHg.CHjNHa, b.p. 188-189®, is obtained 
by reducing cyclohcxyl-acetonitrile (Wallach, Ann. 363, 297; Waser, Hclv. 7, 
766). 

6. HYDROAROMATIC ALDEHYDES 

Hydroaromatic aldehydes can, for the most part, bo prepared by the 
general methods for obtaining aldehydes, but it should be noticed" that 
distillation of the calcium salts of the hydroaromatic carboxylic acids with 
calcium formate only gives poor yields of the aldehydes and is usually 
accompanied by rearrangements (see Franks, Mo. 46, 61). On the other 
hand, the aldehydes can be prepared from the hydroaromatic acids by the 
following steps: conversion of the acid amlides into the anilide chloride (I) 
and the diphenyl-amidine (II), reduction of the latter with Na and EtOH 
and hydrolysis of the resulting alkylidene-dianilines (III) with dilute sul¬ 
phuric acid (Merling, Ber. 41, 2064): 

(J) (11) (III) 

/NPh 

RCONHPh -> RCClgNHPh -> R(^—NHPh RCH(NHPh)2-> ECHO -f 2PhNHj. 

A number of aldehydes belonging to this group have become available 
through the Diels-Alder diene synthesis (p. 86). Several occur in essential oils. 

(Alkyl-) Cyclohexylidene aldehydes of the general formula 
R.C5H2>C:CH.CH0 

are prepared by condensing (alkyl-) cyclanones and acetylene by means 
of NaNHg, and treating the ethinyl alcohols so formed (p. 101) with formic 
acid (Rupe, Helv. 11, 454). 

Cyclohexane aldehyde^ hexahydro-benzaMehyde, CgHn-CHO, b.p. 162®, 
has been found in heavy acetone oil (Fringsheim, Angew. 40, 1392) and is 
prepared (1) from the Ca-salt of cyclohexane carboxylic acid by distillation 
with Ca formate, (2) from cyclohexyl carbinol (p. 121) by oxidation with 
chromic acid or by catalytic dehydrogenation (Adkins, Am. 56 2992) 

(3) by reducing J3-tetrahydro-benzaldehyde, (4) from the glycol of methylene- 
cyclohexane (p. 121) with dilute HjSO^ (Wallach, Ann. 347, 331), (6) from 
synthetic cyclohoxyl-glycidic ester, which is readily accessible (p 137) bv 
hydrolysing and then removing COg (Darzens, C. r. 142, 714) ’ (6) from 
oyclohexyl-Mg-brondde and ethyl orthoformate (Wood, J, Soc. Chem. 
Ind. 42, T 429), (7) by hyd^^ogenating benzylaniline under pressure and 
then oxidising and decomposing with HCl (Skita, Ber. 48, 1689), (8) from 
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cyclohexanone and CHoNg, by isomerisation of the hypothetical inter- 

mediate CeHn,<' | , in presence of piperidine {Mosettig, Am. 62, 3456). 

The compound smells of oil of bitter almonds and valeraldehyde, and 
readily polymerises to a dimeric form called meta-hexahydrobenzaldekyde, 
(C7Hi 20)2, m.p. 202®; oxime, m.p. 91®; semicarhazone, m.p. 174® {Zelinsky, 
Ber. 40, 3050). It loses CO in sunlight and gives cyclohexane. With form¬ 
aldehyde and alcoholic potash it yields l,l-dimethylol-cyclo7iexane, m.p. 95® 
{Franke, Mo. 46, 70); it condenses with acetophenone to hexahydro- 
benzylidene-acetophenone, m.p. 58—59® {Frizouls, C. r. 154, 1707). For its 
condensation with malonic acid see Sircar, J. 1928, 54. 

A number of homologous aldehydes, some of which occur in stereoisomeric 
forms, have been prepared by methods (2) and (3): cis-2-methyl-hexaliydro- 
benzaldehydo, hexahydro-o-tolyUiMehyde, MeCeHio*CHO, b.p. 70®/24 mm., 
trans b.p. 72®/24 mm.; S-methyl-liexahydrobenzaldehyde, b.p. 96®/35 mm.; 
configuration unknown; 4-hexaliydrotolylaldehyde, trans b.p. 75—76®/24 mm. 
{Skita, Ann. 431, 16). The 3-compound is also obtained from 1,3-methyl- 
cyclohexyl-MgBr and ethyl orthoformate. 2,6,6-Trimothyl-liexaliydro- 
bonzaldehyde, b.p. 59®/10 mm., is prepared by reducing jff-cyclocitral (p. 205) 
with Hg and colloidal Pd {Skita, Ber. 42, 1635). 

Cyclohexyl-acetaldehyde, hexahydro-phenylacetaldehyde, b.p. 68®/12 mm., 
semicarhazone m.j). 153®, from cyclohexylidene-acetaldehyde (see above) by 
reduction, either with Zn and acetic acid or catalytically {Bupe, Helv. 11, 
456). /^-Cyclohexyl-propionaldchyde, p-heocahydro-phenylpropionaldehyde, b.p. 
87—88®/15 mm., semicarhazone m.p. 133®, from the acetal of (hydro-) cinnamic 
aldehyde or from the alcohol with chromic acid {Sigmund, Mo. 62, 187; 
Skita, Ber. 48, 1693). 

Aldehydes of the general formula CgHn • CHg • CHg • CHR • CHO have a 
characteristic odour of some value in perfumery and are prepared from 
cxocyclic ketones containing one carbon less (with or without alkyl groups 
on the ring), by means of the glycidic esters (p. 137) (Germ. Pat, 501,627). 

/P-Cyclohcxene-aldehydc, /d^-tetrahydrobenzaldehyde, CeH^-CHO, an oil 
smelling very like bcnzaldehyde, is formed by loss of HCl and hydrolysis 
from the nitrosochloride of methylene-cyclohexane by means of NaAc and 
AcOH; oxime, m.p. 58®, semicarhazone, m.p. 212®. The corresponding 
derivatives of methyl-cyclohexane can be prepared similarly {Wallach, 
Ann. 369, 292). 

A ® -Cyclohexenc-aldehyde, A ® -tetrahydrohenzaldehyde, 

/CHgCHg 

CH< ^CHCHO, 

^CH OH2 

b.p. 51—62®/l3 mm., semicarhazone m.p. 163*5—164*5®, is prepared from zl*- 
cyclohexenyl-MgBr and ethyl orthoformato {Sohecki, Ber. 43, 1040) or 
from butadiene and acrolein; isoprene or homologous butadienes and 
acrolein or crotonaldehydo give alkyl derivatives of this aldehyde which 
smell of loaves {Diels, Alder, Ann. 460, 121; 470, 85). All these aldehydes 
give the corresponding hexahydro-benzaldehydes and hexahydro-benzyl- 
alcohols on catalytic reduction, and secondary alcohols with Grignard 
reagents. Cf. French Pat. 672,026. 

4-Isopropenyl-hexaliydrobenzaldehyde, dihydroperillaldehyde, 

.CHgCHg 

CHg: C(CHs). CH< >CHCHO, 

^CHg.CHa 

b.p. 93—96®/12 mm., semicarhazone m.p. 123—124®, from the corresponding 
alcohol (p. 122). 

The isomeric aldehydes CioHigO: and J^-tetrahydro-cuminaldehyde 

(pheUandral, cryptal) and the four cychcitrals are discussed with the Terpenes 
p. 203. 
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J^-Tetrahydrohydratropic aldehyde, CH8<^ \C-CH(CH3)CH0, b.p. 

CHTCHa 

90—93®/15 mm., is obtained from zJ^-tetrahydro-acetophenone (p. 125) with 
ethyl chloro-acetate, a glycidic ester being first formed {Darzens^ C. r. 151,768). 

^^‘®-Cyclohexadiene aldehyde, A^'^-dihydro-benzaldehydey CeH^ CHO, b.p. 
122®/120 mm., is produced from anhydro-ecgonine dibromide (vol. IV) with 
sodium carbonate, and gives dihydrobenzoic acid (p. 133) when carefully 
oxidised with AgjO {Willstdtter, Ber. 31, 1646). 

2,6, 6 -Trimethyl-zl^*»-dihydrobenzaldehyde, safranal, C10H14O, b.p. 93®/ 
14 mm., occurs as a glucoside picrocrocin (p. 484) in Crocus saliva {Kuhn, 
Bor. 67, 354). For its preparation from j?-cyclocitral and SeOg see id. 
C. 1937 I 2040. 


z1^*®-Dihydrocuminaldehyde, CgH^-CeHe CHO, oxime, m.p. 43®, semi- 
carhazone, m.p. 202®, is formed by reduction of nitro-jd-phollandreno (p. 213) 
{Wallach, Ann. 340, 3), or from ^-phellandrene mtrosochloride with acetic 
acid {Francesconi, Gazz. 46, 1119). The isomeric zl^'®(®)-dihydrocuminaldehyde, 
perillaldehyde, is described with the Terpenes p. 229. 


6. EXOCYCLIC HYDROAROMATIC KETONES 

The important violet perfumes, irone and the ionones, belong to this class. 

Preparation: (1) Oxidation of exocyclic secondary alcohols; (2) from 
a-alkyl-cyclohexyl-glycidic esters (p. 137) by hydrolysis and loss of COg; 
(3) by condensation of cyclohexanones with ethyl acetate or aceto-acetate, 
acetone, or its homologues, by means of sodium; (4) ring-unsaturated 
ketones are obtained from the nitrosochlondes of alkylidene-cyclohexanes 
with zinc dust and acetic acid, or by removal of HCl and hydrolysis of the 
resulting oximes {Wallach, Ann. 360, 39; 389, 188). 

Acetyl-cyclohexane, hexahydro-acetophenone, CeHuAc, b.p. 68®/12 mm., 
is prepared by methods (1), (2) and (4), from cyclohexeno and acetyl 
chloride with AICI 3 {Nenitzescu, Ann. 510, 276), and from a-acetyl-cyclo¬ 
hexane-carboxylic ester (p. 20 and 138); semicarhazone, m.p. 175® {Zelinsky, 
Ann. 508, 116). For the Beckmann rearrangement of the oxime see Manta, 
Bull. 51 (1932), 1005. 

^CIl2—CH2V xAc 

1,1-Methyl-acctyl-cyclohexane, CH2< , b.p.83®/18mm., 

^CHa—CHg/ \Mo 

is obtained from isopropyl-cyclohexane-1,7-diol (p. 121) with dilute H2SO4 
{Tarhouriech, C. r. 150, 1606). Methyl-hexahydro-acetophenones, hexahydro- 
acetyl-toluenes 2-, 3- and 4-, b.p. 75—80®/18 mm., b.p. 76—77®/13 mm. and 
b.p. 74®/12 mm., are prepared by method (2) {Darzens, C. r. 144, 1123; 
van Woerden, Rec. 45, 124). 

Hexahydro-propiophenone, CeHn-COEt, b.p. 196®, has been obtained by 
oxidation of cyclohexyl-ethyl-carbinol, and by the action of zinc ethyl 
upon hexahydro-benzoyl chloride. — For cyclohexyl ketones with higher 
alkyl groups see Nenitzescu, Ber, 69, 1820. 

Cyclohexylacetone, CaHn- 
acetic ester {Hell, Ber. 42, 

1- Hydroxy-4-methyl-hexahydro-acetophenone, m.p. 21-22®, is an inter¬ 
mediate in method (4). It gives zl^-tetrahydro-4-methyl-acetophenone (see 
below) with dilute H2SO4. 

2- Acetyl-cyclohexanone, CgHjO-Ac, b.p. 111®/18 mm., obtained by 
method (3), is hydrolysed by alkalies to acetyl-caproic acid. It can be 
alkylated by means of sodium and alkyl iodide, and reacts with amiines 
to form tetrahydro-quinazolines (vol. IV). 3,6-Methyl-acetyl-cyclohexanone, 
CeH80[3,6](Me)(Ac), b.p. 122®/14 mm. {Idser, Bull. C. r. 141, 1032; Bull. 25, 


CHa^CO-CHa, b.p. 196®, from cyclohcxyl-aceto- 
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(«1901), 196). — For isomeric Me-acetyl-cyclanones see /Sfen, J. Ind. ch. 
Soo. 4, 61. 

2-Fropioiiyl-cyclohexanoiie9 CgHgO-COEt, b.p. 123®/21 mm., is formed 
by nuclear synthesis from C-keto-nonylic ester and NaOEt {Blaise, C, r. 148, 
1401). 

Ace^l-l,8,6-cyclohexane-trione, m.p. 218°, from phloroglucinol and 
acetonitrile by means of HCl, shows the reactions of both the kotonic and 
enolic forms. Mono-, di- and tri-acetylated 1,3,6-cyclohexane-triones are 
obtained by rearrangement of the corresponding acetates of phloroglucinol 
by means of ZnClg {Heller, Ber. 46, 418; 48, 1286). 

l-Phenyl-2-acetyl-cycloliexaiie, b.p. 161—1640/11 mm., from cyclohexene, 
acetyl chloride and benzene with AICI3 {Nenitzescu, Ann. 619, 266). 

.CH,—CH. 

J^-Tetrahydro-acetophenone, yC^Ac, b.p. 201°, is ob- 

\CH,—CH/ 

tained from the nitrosochloride onethylidene-cyclohexane (p. 95), and by the 
action of acetyl chloride and AICI3 or, preferably, SnCl4 upon cyclohexene 
or cyclohexane at 18—35° {Darzens, C. r. 160, 707; Wieland, Ber. 66 , 2246; 
Zelinsky, Ann. 608, 116). It is also obtained from cyclohexanone with 
AICI3+ CH3COCI and from cyclohexene and acetic anhydride in the presence 
of a little cone. H2SO4 and sulphacetic acid {Ehel, Helv. 10, 677). Oxime 
m.p. 99°. Semicarhazone m.p. 220—221° dec. 

4-Methyl-.d^-tetrahydro-acetophenone, A^-tetrahydro-p-acetyl-toluene (I), b.p. 
213°, from 4-methyl-ethylidene-cyclohexane with NOCl. 4-Methyl -/d°- 
tetrahydro-acctophenone, A^-tetrahydro-p-acetyl-toluene, (II), b.p. 205—206°, 


(I) CH3CH< 


/CH,—CH^ 
^CHo—CH/ 


.CH—CH,. 

CHaC/ >CH.Ac, (II) 

\CHo—CH/ 


probably occurs in cedar oil from the Himalaya and the Atlas {Orimal, 
C. r. 135, 682; Roberts, J. 109, 791). It is made artificially from ^-tcrpineol 
(p. 224) with CrOs, and is reduced by nascent hydrogen to the next lower 
homologue of a-terpineol. With JVlcMg-halide it gives homO’CL-terpineoL 
Both ketones give p-methyl-hexahydro-acetophenone when hydrogenated 
by PaaVs method (see above). 

CH — CH 

zl^-Cyclohexenyl-acctone, CH2<^ * ScHCHa-Ac, b.p. 83°/12 mm., 

\CH,—CH,/ 

.CH,—OH,. 

and Cyclohexylidene-acetone, CH,^^ >C:CH.Ac, b.p. 95°/17 mm., 

^CH,—CH,/ 

have been obtained by Dickins, Hugh and Kon (J. 1928, 1630) as follows: 
Cyclohexanone and ethyl Na-aceto-acetate combine to form the ester of 
.CH,—CH,. .OH 

the acid CH,/ • Heating the free acid in 

\CH,—CH,/ ^CH(COOH)Ac 

vacuo above its melting point gives both ketones. They are also obtained 
from cyclohexenyl- or cyclohexylidene-acetyl chloride by means of MeZnI. 
The former ketone has also been obtained by the distillation of cyclohexane- 
diacetic acid {Kon, J. 119, 826). The semicarhazone of the former occurs 
in two forms, m.ps. 146° and 136°; that of the latter melts at 180°; the 
ketones can be regenerated from them (id. J. 1980, 1616). Cyclohexonyl- 
and cyclohexylidene-acotophenones have been prepared by Farrow and Kon, 
J. 1926, 2128. 

a-Ionone (see below), b.p. 127°/12 mm., d,o 0*9301, and /^-ionone (see 
below), b.p. 127°/10 mm., d,,, 0*9442 {Tiemann, Ber. 26, 2691; 81, 808), 
when concentrated smell like cedarwood, but when highly diluted have 
an intense odour of violets very like that of irone, and they are 
therefore made on a largo scale. Their occurrence in the vegetable kingdom 
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has not been established with certainty, except that of P-ionone in the oil 
of Boronia megastigma {Sabetay, C. r. 189, 808). They are prepared from 
the cyclocitrals (p. 206) and acetone by means of condensing agents, such 
as NaOEt, aqueous baryta, NaNHj ete., or from pseudo-ionone (I ow) 
with cone, sulphuric acid, or phosphoric acid, or by heating to 190® under 
pressure with aqueous salt solutions (Germ. Pat. 168,075). In the latter 
case a mixture of a- and /9-ionones in varying proportion is formed; this 
can be explained by the successive addition and loss of water: 


CH3 CH3 

V 


CH, CH, 




COH 




CH-CH.-CH Ac H,C OH. CHrCH Ac 


O.OH3 

Pseudo-ionone 


H. 




1 ( 0 H).CH 3 


CH2 

Pseudo-ionone hydrate 


CH3 CH3 

\/ 

C 

/\ 

H2O C.CH:CH.Ac 

C-CH, 

\/ 

CH3 

^-lonone 
CH3 CH3 

V 

/x 

H.,a CHCHCHAc. 




I 

C.CH., 


CH 


a-Ionone 


The pseudo-ionone hydrate, shown as an intermediate product, has 
been isolated (Germ. Pat. 172,653). The constitution of the two ionones 
follows from their decomposition products: on oxidation a-ionone gives 
/3-dimethyl-adipic acid and p-ionone a,a-dimethyl-adipic acid. 

The two ionones can be separated through their bisulphite compounds 
which are readily formed when crude ionone is treated with sodium bi¬ 
sulphite and are hydrolysed by alkali. When treated with steam, the ^-salt 
decomposes and the ketone distils over, while the a-salt remains unchanged. 
For the condensation of /3-ionone with Zn and ethyl bromo-acetatc see 
Karrer, Helv. 16, 878. 

When the ionones are reduced with H2 and Pd, two different dihydro- 
ionones are formed, while exhaustive reduction results in only one tetrahydro- 
ionone. Thit shows that the exocyclic double bond is the first to be saturated. 
These dihydro-ionones are nearly odourless. A different ring-saturated 
dihydro-ionone of intense odour is obtained from dihydro-cyclocitral and 
acetone, which shows that the odour depends on the exocyclic double bond. 
When the reduction is carried out with Pt and acetic acid, the CO-group 
is reduced as well and tetrahydro-ionol is formed {Skita, Ber. 46, 3312; 
48, 1495; Ruzicha, Helv. 2, 362). 


Isomeric ionones with a different grouping of the side chains, viz. 
/3-p86udo-ionone, a- and /l-iso-lonones^ can be obtained from the different 
citrals with ethyl aceto-acetate. The esters which are the first products 
are hydrolysed and the acids are heated above their melting points. When 
the enol-acetate of y-ionone is boiled with KOH in EtOH, the ring closes 
and iso-V’”ionone, 3-acetonyl-terpinolene, a true terpene compound, is formed 

_QJ£ 

*Nc==C(Me)2 {Knoevenagel, J. pr. 97, 288; 102, 305, table I). 

H --CH\ ' 

^CHj.Ac 
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An isomeric ionone (the so-called “irone” of Tiemann)^ 

CH3 CH3 

V 

hI) inCHa 
\/ 

CHa 

has been synthesised from the chlorohydrin of rhodinal (p. 204) by con¬ 
densation with acetone; the resulting pseudo-ionone is cyclised tothehydro- 
(ihloride of “irone”, the phenylhydrazone of which yields the ketone by 
boiling with dilute sulphuric acid {VerUy, Bull. 2 (1936), 1205). 

The ketones of the ionone group differ from those of the irone group, 
which are discussed below, not only in the fact that they contain a methyl 
group less, but also structurally, in the positions of the double bond in the 
ring, and stereochemically, in the arrangement of the substituents with 
respect to the ring. In the irone series the arrangement is trans, and in the 
ionones it is cis {Ruzicka, Helv. 2, 362). 

Homologous ionones are obtained from citral and homologues of acetone 
with y-ionones as intermediates. Besides the CO-group, both the CH3- and 
the CHj-group may take part in the reaction. Four methyl ionones have 
been obtained by Roster (J. pr. 143, 249) from methyl ethyl ketone and 
a- and ^-cyclocitral (p. 206). 

Karrer describes ketonic substances resembling ionone in odour, obtained 
from carotenes (p. 407) and vitamin A (p. 662) on oxidation with KMn04 
(Helv. 12, 1142; 13, 1084). For partially hydrogenated products of vitamin A 
from ^-ionone and tetrahydro-ionone see Goulds Am. 67, 340. 

Irone, Ci4H220, b.p. 96—98®/0*4 mm., dj’ 0*939, [a]D -1-46® was first isolated 
by Tiemann and Kruger (Ber. 26, 2675) from the essential oil of the orris 
root from Iris florentina^ Iris germanica and Iris 'pallida. It seems to occur 
in wall-flower oil as well {Kummert-E., Chem.-Ztg. 36, 667). It has an intense 
odour of violets, especially when highly diluted. The formula given by the 
discoverers, C13H20O, was amended to C14H22O by Muzicka (Helv. 16, 1143). 
While irone is a cyclohexane derivative, la or lb, an isomeric cycloheptane form 
is not excluded, for ^,j3,y-trimethyl-pimelic acid has been obtained by ozonising 
one particular irone preparation. The synthesis from .d®- and zJ*-cyclocitrals 
and acetone, which Merling and Weide (Ann. 366, 119) undertook on the 
strength of the formula Ci3H2oO, really gives a-ionone, as Ruzicka has shown. 

Irone thiosemicarbazone, made from orris oil of 1903, had the melting 
point 181®, but made from the oil of 1928 it melted at 121—122®. p-Bromo- 
phenylhydrazone m.p. 176®; phenylsemicarbazone m.p. 178—179®. From these 
derivatives unchanged irone is only regenerated by boiling with phthalic 
acid, since boiling with aqueous oxalic acid leads to an irone of different 
physical and chemical properties, [ajo up to -j-96®, while the derivatives 
melt at ill-defined temperatures. Boiling with HI and P converts irone 
into irene (p. 174). Oxidation gives successively dehydro-irene^ iregenone-di- 
and 4ri-carboxylic acids, ioniregene-tricarboxylic acid, and finally a,a-dimethyl- 
homophthalic acid: 

(la) CH3 CH3 (Ib) CH3 CH3 

x/ \/ 

C CH 0 CH 

CH CHs-dH \!H 

H.C 0 OOCH, H-i (!) ioCH, 


i 11 h 


-H,0 


CHj CH3 


Irone 


CH CH. 
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CH, CH, 

y CH 

ch,-ch\!^\:h • 

1) /j.CH, 

X/X/' 

CHj CH 

Irene 


CH3 

C 


CH 

/x/x 

HOOC C CH - 

Hooc 1: icooH 

X/X/' 

CO CH 

Iregenone-tricarboxylic 

acid 


CH 

bH 

H<i ii i 


CH,C 0 


X/X/^ 

CH OH 
1,2,6-Triraethyl- 
naphthaleno 


CH, 


CH3 CH3 

'y ^cH 

■ HOOC'^ ^JH 

(i) kcooH 

/X/' 

HOOC CH 

loniregeiie-tricarboxylic 

acid 


CH3 CH3 


C CH 
HOOC^ ^SH 

C! in 

/XX 

HOOC CH 
a,a-Dimethyl" 
homophthalic acid 


Numerous ring ketones of the irone type have been a prepared by Diels 
and Alder, who obtained zl®-tetrahydro-benzaldehydcs by their diene- 
synthesis and condensed them with acetone etc. Thus 2,4,6-Me3-tetrahydro- 

^CH, 

benzaldehyde and acetone give a ketone CHs^ ^CHrCH.COCHg, b.p. 

“CH3 

138—139®/20 mm. which has been given the name ‘‘pgeudo-irone’^ in spite 
of its cyclic structure; on the basis of the formula for irone proposed by 
Ruzicka, it might be called iso-apo-irone. Its p-bromo-phenylhydrazone 
melts at 176®. 

An isomeric irone has been obtained from 2,4,6,6-tetramethyl-/d*-tetra- 
hydrobenzaldehyde {Diels, Alder, Ann. 470, 96; French Pat. 672,026, 
679,443). 

The following isoamenyl-isovaleryl unsaturated cyclic hydroxy-triketones 
have been isolated from hop-resin; 

Humulone (I), m.p. 66-66*6®, and lupulone (II), m.p. 90*6-92® {Wieland, 
Ber. 69, 2362; cf. pp. 400, 401) 


/OH 


MejCiCH.CHa 

yiH*COv /V/Xi 

“X-oXoh.oh. 

.-OT h 


CHMe, 


m 


(I) 


^CH—CO. 

CjH,io in 
(ID 


7. HYDROAROMATIC CARBOXYLIC ACIDS 

A large number of hydroaromatic carboxylic, hydroxy carboxylic, 
keto- and di-carboxylic acids is known. Quinic and ahikimic acids 
(p. 135) are among the hydroxycarboxylic acids, succin(h8tLccinic 



MONOCARBOXYLIC ACIDS 


129 


acid is a keto-carboxylic acid (p. 146). Other keto-carboxylic esters 
are used as the starting material for the synthesis of simple hydro¬ 
aromatic compounds (p. 83). 

(A) Hydroaromatic Monocarboxylic Acids 

A direct introduction of tho carboxyl group into the nucleus of hydro- 
aromatic substances can be brought about by the action of COg upon the 
cyclohexyl-magnesium halides: 

O.HiiI -C,H„C 02 MgI C,H„CO,H. 

LUj 

On the other hand, the reaction of cyclohexyl halides with KCN or ethyl 
sodio-malonate is of little value, since in almost all cases the only product 
is cyclohexene, formed by elimination of hydrogen halide (p. 92). 

(a^) Cyclohexane-carboxylic Acids, Hexahydro-benzoic Acids 

have been obtained by the reduction of benzoic acid and its homologues 
with metallic sodium in boiling amyl or capryl alcohols or by reducing 
sodium benzoate in aqueous solution with sodium in a stream of COj {Aschan, 
Ber. 24, 1866; Markovnikov^ ib. 25, 3355). 

The term “naphthenic acids”, which was formerly used for the hydro- 
aromatic acids, has been shown by recent investigations to be misleading 
and should be avoided {Aschan^ “Naphthenverbindungen”, Berlin 1929, 
p. 4). A comparison of hexanaphthene carboxylic and hexahydro-benzoic 
acids shows the following differences: 

hexanaphthene carboxylic acid hexahydrobenzoic acid 


Free acid 

b.p. 

216-217® 

232® 

Methyl ester 

»> 

166-6-167-6® 

183® 

Chloride 


167-169® 

179® 

Amide 

m.p. 

123-6® 

185® 

Anilide 

,, 

93-94® 

131® 


Further, no hexahydrogenated aromatic monocarboxylic acids have been 
found in the fractions of the methyl esters prepared from naphthenic 
acids, which boil in the region of 180®. The naphthenic acids do not 
decompose into Hg and aromatic compounds on dehydrogenation like 
true cyclohexyl derivatives {Zelinsky, Ber. 57, 42, 61). They cannot 
therefore be cyclohexane derivatives, but are derived from other cyclo¬ 
paraffins, mainly cyclopcntane (1. c., p, 8; v. Braun, Ann. 490, 106; this 
vol. p. 64). 

Cyclohexane-monocarboxylic acids can be prepared by heating cyclo¬ 
hexane-1,1-dicarboxy lie acids (p. 140) which can be obtained synthetically, 
just as malonic acids give the fatty acids. 

The cyclohexane-carboxylic acids are weak acids; their dissociation con¬ 
stants have been measured by Zelinsky, C. 1909 I 631. The velocity of 
esterification has been investigated by Bhide and Sudborough, J. Ind. Inst. 
Sc. A 8 (1926), 89. Hot HI reduces them to hexahydro-aromatic hydro¬ 
carbons, so-called ^^naphthenes^\ with the same number of C-atoms in the 
molecule. A general review of the hydroaromatic acids is given by Auwers, 
Ber. 48, 1377. 

Hexahydrobenzoic acid, Cyclohexane-carboxylic acid, CgHu^COjH, m.p. 
31®, b.p. 232®, is formed in the reduction of benzoic acid, 
hydrobenzoic acid {Aschan, Ann. 271, 261), p-dimcthylamino-benzoic acid 
{Einhorn, Ber. 27, 2829), and cyclohexanol-1-carboxylic acid or its methyl 
ester {Bucherer, Ber. 27, 1231). It is also obtained by heating cyclohexane- 
1,1-dicarboxylic acid, and by treating C1-, Br- or 1-cyclohexane with Mg and 
COj {Zelinsky, Ber. 2688). Calcium salt, (C4Hii08)2Ca -f bHjO. Chloride 
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b.p. 179® {Meyer^ Ber. 80, 1941). Methyl eater b.p. 183®, ethyl ester b.p. 196®, 
amide m.p. 186®, anhydride b.p. 171®/14 mni. The peroxide (C6HiiCOO)2 is 
an unstable oil, prepared from the anhydride by means of Ba02 hydrate 
{Fichter, Helv. 16, 1304). The anilide m.p. 131® is formed by the rearrange¬ 
ment of )3-hexahydro-benzophenono oxime (p. 106; Scharvin^ Ber. 30, 2862). 
The phenyl ester, b.p. 163—164®/21 mm., rearranges when heated or treated 
with ZnClj into cydohexyl-o-hydroxyphenyl ketone, CeHn • CO • C(,H40H, 
m.p. 41-42® {Skraup, Ber. 60, 1070). 


l-Methylcyclobexane-l-carboxylic acid ni.p.39® b.p. 234® (Ber. 40, 2069) 
-- - ■ - -- - . 241-242®(Ber. 41, 2679) 

.238,6-240® (Ann. 431,18) 
240® 

. 246® (J. pr. 110, 101) 


trans-Hexahydro-o-toluic acid 
cis-Hexahydro-o-toluic acid 
Hexahydro-m-toluic acid 
a-Hexahydro-p-toluic acid 
Hexahydro-p-toluic acid 

2.4- Hexahydro-xylic acid 

8.4- Hexahydro-xylic acid 
2,6-Hoxahydro-xylic acid 

3.5- Uexahydro-xylic acid 
Hexahydrocumic acid 


m.p. 62® b.p. 
liquid b.p. 

liquid b.p. 

m.p. 113® b.p. 
liquid 
m.p. 77® 
liquid 
m.p. 72® 
liquid 
m.p. 96® 


b.p. 

b.p. 

b.p. 

b.p. 


166®/40 mm. 
251® 

261® 

139®/16 mm. 


The acids are prepared partly by the reduction of the corresponding ben¬ 
zene-carboxylic acids, and partly by the action of Mg and COg upon the 
halogen-substituted cyclohexanes. Hexahydro-o-toluic acid is formed from 
2-methyl-cyclohexane-l,1-acetyl-carboxylic ester and -l,l-dicarbox3lie ester. 
The liquid cis-acid has been obtained by reduction of its bromine substitution 
product. The liquid p-hexahydro-toluic acid has been obtained from tro- 
pilidene-carboxylic acid {Markovnikov, J. pr. 67, 102; Sernov, Ber. 32,1167; 
Noyes, Am. Chem. J. 22, 1). 

Homologous hexahydro-benzoic acids with alkyls attached to the ring 
are obtained from 1®-tetrahydro-benzoic acids (see below), which have 
become easily accessible thanks to the diene synthesis (p. 86). Hters and 
Adams, Am. 48, 1089, describe six-ring homologues of dihydro-chaulmoogric 
and dihydro-hydnocarpic acids (p. 66). 

l-Monobromo-h«xahydrobenzoic add, m.p. 63® and l-monobromo- 
hexahydro-o- and -p-toluic acids, m.p. 97® and 71® resp. are obtained by 
bromination of the chlorides of the corresponding hexahydro acids. Two 
isomeric monobromo derivatives of hexahydro-m-toluic acid are formed, 
m.ps. 118® and 142® {Sernov. 1. e.). 2-Bromo-hexahydrobenzoic acid, m.p. 
108—109®, from ^^-tetrahydro-benzoic acid with HBr. 1,2-Dibromo-liexa- 
hydrobenzoic acid, m.p. 142®, probably a mixture of two stereoisomers, is 
obtained from the same tctrahydro-acid with Brg. 2,3-Dibromo-hexahydro- 
benzoic acid, m.p. 166®. from the <d®-tetrahydro-acid with bromine, gives 
an a-bromolactone C7H202Br, m.p. 67®, when boiled with aqueous NagCOg 
{Aschan, Ann. 271, 231). 

1-Amino-hexahydrobenzotc acids have been prepared by the action of 
NH4CN upon cyclohexanones and hydrolysis of the resulting 1-amino- 
nitriles {Skita, Ber. 41, 2926). 

1-Amino-hexahydrobenzoic acid, CgHjo > C(NHg)C02H, m.p. 336®. 

o-Amlno-hexahydrobenzoic acid, hexahydro-anthranilic acid, 
NH2[2]C«HioC02H, 

m.p. 274® decomp., is formed in the reduction of anthranilic acid with 
Na and amyl alcohol together with pimelic and hexahydrobenzoic acids 
{Einhom, Ber. 27, 2470; Ann. 296, 187; Orthner, Biochem. Z. 262, 461). 
m-Amino-hexahydrobenzoic acid, m.p. 269®, ethyl ester b.p. 123®/11 mm.[ 
results from reduction of m-amino-benzoic acid with Na and EtOH or 
amyl alcohol, together with several other substances (id. Ann. 819, 324). 
p-Amino-hexahydrobenzoIc ,acid sublimes at >330®; it is obtained by 
hydrogenating p-amino-benzoic acid; when heated it gives the lactam 
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HC—NH—CO—CH, Uo-nortropinone m.p. 191—192® (Houhen, Ber. 49, 3294). 

p-Dimethylamino-hexahydrobonzoic acid, sec Einhorn, Ber. 27, 2831. 

Other amino-cyclohexane carboxylic acids have been obtained by 
reducing oximes of cyclohexanone- and cyclohexenone-carboxylic esters 
with Na and EtOH {Skita, Ber. 40, 4167). 

trans-N-Diethyl-hcxahydrohenzylamine-o-carboxylic acid, 
Et2NCH2r2]CeHioCOOH, 


m.p. 101®, is obtained from diethyl-benzylamine-o-carboxylic acid by re¬ 
duction with sodium and amyl alcohol. When heated with alkalies it is con¬ 
verted into the more strongly basic liquid cis-acid, which is easily decomposed 
into diethylamine and 2-methylol-hexaliydrobenzoic acid, HOCH2*CeHioCOOH, 

m.p. 112®. This latter acid gives hexahydro-phthalide, CgHjo 


/CH,\ 

<co> 


when heated. For hcxahydrobonzylamine- and diethyl-hexahydrobenzyl- 
amine-p-carboxyiic acids, see Einhom, Ann. 300, 161; 310, 189. 

Cyclohexyl-dithiocarboxylic acid, an evil-smelling, red-brown liquid which 
cannot be distilled, is obtained from cyclohexyl-MgBr and CSg. The Hg-salt, 
m.p. 163®, is orange-red {Bostf WilliamSf Am. 62, 4991). 


(a 2 ) Tetrahydrobenzoic Acids can be obtained from the mono- 
hydroxy- and monobromo-cyclohexane-carboxylic acids by splitting off 
HjO or HBr, and also by the reduction of the benzoic acids and dihydro- 
benzoic acids (Einhorriy Ber. 26, 467). 

CH • CH 

zl‘-Tetrahydrobenzoic acid, CHjy * \c-CO,H, m.p. 38®, b.p. 240®, 

CH2 • CH2 

is formed from l-bromo-hcxahydrobenzoic acid and zl*»®-dihydrobenzoic acid, 
and from zl®-tetrahydrobenzoic acid by boiling with alcoholic potash 
{Braren, Ber. 33, 3465) and also in the decomposition of phenyl-zJ®-tetra- 
hydrophthalide {Berlingozzi, Gazz. 57, 266). Amide m.p. 127—128®. 

.CH—CH. 

A 2-Tetrahydrobcnzoic acid, henzoleinic acidy CH2<f ^CH • COOH, 

^CHo—CHg/ 

is a liquid boiling at 234® prepared from benzoic acid. Amide^ m.p. 144® 
[Boorman, Linstead, J. 1935, 268). 

zI®-Tetrahydrobenzoic acid, CH^ NcH-COOH, m.p. about 13®, 

^CHa—CHg/ 

b.p. 237®, can be obtained from 3- and 4-bromo-cyclohexane-carboxylic 
acid, and by the action of COa and Mg upon Zl®-bromo-cyclohexene [Perkin, 
J. 91, 490; Sobecki, Ber. 43, 1039). It is also formed by diene condensation 
of butadiene and acrylic acid. The same method has served for preparing 
homologues and also 1,4 -endo alkylene-bridged derivatives of the types 

and (p. 186). 

^COOH ^COOH 

Of the tetrahydro-toluic acids ‘ those listed below are known. Most of them 
have been obtained from the various methyl-bromo-cyclohexane carboxylic 
acids by removal of HBr by means of quinoline, pyridine etc., or more con¬ 
veniently by the dehydration of cyclohexanol-carboxylic acids or the 
reduction of tetrahydrophthalides with HI and P. Most of this work has 
been carried out by Perkin, jun, and his collaborators (J. 87, 89, 91, 
97, 99, 108). 


‘ The numbering A^, A*, etc. starts from the carboxylated C-atom and 
runs in the direction of the CHa-group. 


9 * 
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The and zl®-tetrahydro-p-toluic acids, and the Zl*-, A*- and /l«-tetra- 

hydro-m-toluic acids have been resolved into optically active forms by moans 
of their salts with brucine and strychnine. Sylvestrene (p. 213) and carvestrene 
(p. 214) have been synthesised from id®-tetrahydro-ni-toluic acid, various 
menihenols (p. 225) from A*- and /d®-totrahydro-p-toluic acid, and oL-terpine,ol 
(p. 223) and dipentene (p. 208) from/d®-tetrahydro-p-toluic acid {Perkin, jun.). 


J^-Tetrahydro- 
o-tolutc acid 

id*-Tetrahydro- 
o-toluic acid 

zj*-Tetrahydro- 
o-toluic acid 

^J^-Tetrahydro- 
o-toluic acid 

J*-Tetrahydro- 
o-toluic acid 

J«-Tetrahydro- 
o-toluic acid 

-d^-Tetrahydro- 
m-tolBlc acid 

J^-Tetrahydro- 
m-toluic acid 

J*-Tetrahydro- 
m-toluic acid 

Zl*-Tetrahydro- 
m-toluic acid 

^®-Tetrahydro- 
m-toiuic acid 

^•-Tetrahydro- 
m-toluic acid 

J^-Tetrahydro- 
p-toluic acid 

/l«-Tetrahydro- 
p-toluic acid 


CHj- 

CHa—CHj 

CH,—CH 

I 


J. 


M.p. 

act. d,l 
87^880 


B.p. 


M 


COgH 

C.CHg 


-CH— 


CHj 

CH=CH —CHCH, 

I J 

CH,—CHa—CH.COjH 

CH—OHj—CH.CHa 
Ih—CH,—(!;hco,h 

CH,- 
CH= 

CH,—CH,—CHCH^ 

CH,—CH--=i!.CO,H 
CHj.CH(CH3).CH 

in,—CH,- - c.cojH 

CHs.C(CH3)=CH 

in,—CH, CH.OOjH 
CH=C(CH3).CH, 

CH,—CHj—CH.COjH 
CH—CH(CH3)—CHj 

IjH—CH, -CHOOjH 

CH,—CH(CH,)—CHj 

CH=CH-CH-COjH 

CH,—CH(CH3)—CH, 


140-142«/ 
20 mm. 

1390/20 mm. 

1350/12 mm. 

60-G20 145-14()0/ 

(trans) 20 mm. (cis) 

79-800 

260 


1230/7 mm — 49*70 


138-1400/ 
18 mm. 

r U2~m^l 
j 20 mm. 
442o/20nim. 

143-1460/ 
20 mm. 


f + 1080 
[— 98*60 

+ 33*10 

— 30*90 


in.— CH--- 


=C.CO.H 


62-640 


CH3CH- 

I 


CH.—CH.—C.CO«H 


/d.l36-]S 
\ M33-1S 


1370 

■1340 


/ -I- 40*10 
1—35*80 

+150*10 
— 100*80 


CHgC- CH- 

I 

CH3—CH,- 


CH, 


990 


98-990 




66 » 

B8« 


/|i-Tetrahy(lro-2,6-xyltc acW, m.p. 90» {Noyes, Am. Chem. J 22 1) 
The isomeric cyclogeranlc acids, C,„H„0„ arc described with the Ter- 
penes p. 207. 

893 , 5 -Trimcthyl-tetrahydrobenzolc acid, m.p. 140o, b.p. 154o/lGmm., is 
formed from the cyanohydrin of dihydro-isoacetophorone (p. 110) by hydro¬ 
lysis and elimination of watef (Germ. Pat. 141,699). 
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(ag) Dihydrobenzoic Acids,— ^^’*-l)lhydrobenzoic acid, 

.CH—CH. 

CH<f V-COaH, 

\CHa-CHa/ 

m.p. 96®, is produced in the oxidation of dihydrobenzaldehyde with AggO 
(p. 124), A different dihydrobenzoic acid, m.p. 73®, is obtained from /d*-totra- 
hydrobenzoic acid dibromide {Aschan, ^r. 24, 2622). zl^-^-Dihydro-o-toluic 
acid, m.p. 175®, is obtained from the corresponding phthalide with HI and P 
{Mazza, Gazz. 67, 300). Bihydrocumic acid, p-isopropyl-dihydrobenzoic 
acid, CeH 0 (C 3 H 7 )COOH, m.p. 130—133®, is formed when nopinic acid, an 
oxidation-product of ^-pinene (p. 256), is boiled with sulphuric acid {Baeyer, 
Her. 29, 1926). 

4-Isopropenyl-/l^«^-cyclohoxadienc-l-carboxylic acid, dehydro-perillic acid, 
CH • CH 

C,oH„Os, CHjrCMe-c/ “^C-COOH, m.p. 88 », methyl ester b.p. 

112—113®/14 mm., occurs in the Washington cedar Thuja plicata of western 
America and is toxic for the fungus Fometi annosus. Its constitution is 
established by the following facts. Hydrogenation gives hexahydrocumic 
acid, m.p. 150—162®, while HCl causes isomeric change into cumic acid, 
m.p. 116®. The exaltation of the molar refraction indicates two conjugated 
double bonds, an assumption which is supported by the fact that the compound 
is reduced by Na + EtOH. From the products of ozonisation, formaldehyde, 
formic acid and -diketo-valeric acid (p-nitrophenylosazonc, m.p. 295®), the 
positions of the three double bonds, as shown in the formula above, follow 
{Sowder, Ind. Eng. 21, 981; Anderson, Sherrard, Am. 66 , 3813). 

(a 4 ) Cyclohexyl-, Cyclohexenyl- and Cyclohexadienyl-Fatty 
Acids. — Cyclohexyl-acetic acid, CeHn. CHgCOjH, m.p. 33®, b.p. 110 - 112 ®/ 
3 mm., is obtained from cyclohexyl-malonic acid, from hexahydrobenzyl 
(jhlorido or iodide with Mg and CO 2 {Outt, Ber. 40, 2067), or from sodium 
rnandelate, which on reduction loses its side chain OH-group {Ipatiev, Ber. 
69, 306), and also from phenylacetic acid by catalytic reduction {Adams, Am. 
60,1970). d( —)-a- Amino-cyclohexyl-acetic acid, m.p. > 300®, is obtained from 
(1(—)-a-amino-phenylacotic acid by hydrogenation {Reihlen, Ann. 623, 208). 
Cyclohoxyl-propionic acid, • CHjCHgCOOH, b.p. 112—114®/4 mm., from 
hexahydrobenzyl-nialonic acid; amide m.p. 120® {Zelinsky, Ber. 41, 2676). 
Cyclohexyl-isobutyric acid, m.p. 62—63®, from -cyclohexenyl-isobutyric 
acid (p. 134). 

Derivatives of 2-amino~cyclohexyl~acetic and -propionic acids result from 
oxidising decahydro-quinoline compounds with KMn 04 . 

(CHjj.CHa 

Octohydro-carbostyril CgHioi I , m.p. 151®, is poisonous 

Inh.co 

Ber. 27, 1472). 

Cyclohexenyl-fatty acids are formed by elimination of water from the 
corresponding 1 , 1 -cyclohexanol fatty acids or their esters, obtained by the 
action of bromo-aliphatic esters and zinc on cyclohexanones. According 
to the dehydrating agents used, P 2 O 5 or KHSO 4 on the one hand, and formic 
acid or AcgO on the other, either the ring-unsaturated fatty acids, or the 


isomeric cyclohexylidene fatty acids. 

with semicyclic double bonds, are 

obtained: 



CHa 

CHa 

CHa 

/\ 

/\ 

/\ 

HaC CHa Ac.o 

HaC CHa 

1 1 

KHSO 4 , r,o, HaC CHa 

Hji in. 

HaC CHa 

H»(!! in 

^dfcH.OOOH 

\'^H).CHsCOOH ^d^HjCOOH. 
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On heating both series of acids lose CO2 and change into alkylidene- 
cyclohexanes (p. 94) {Wallach, Ann. 866, 266). 

Cyclohexylidene fatty acids are also obtained, though in bad yield, from 
cyclohexanones and malonic acid with pyridine (Dutt^ J. Ind. ch. Soc. 1, 297). 
Alkali causes isomeric changes into cyclohexenyl-fatty acids, with 1,1 -hydroxy- 
fatty acids (see above) as intermediates {Linatead, J. 1927, 362). 

The cyclohexenones, which are readily obtained synthetically (p. 114), 
react with zinc and ethyl broraoacetate to give, not hydroxy-acids, but 
cyclohexadiene-carboxylic acids, which probably contain both double bonds 
in the ring. When heated, they lose COg and hydrocarbons derived from 
dihydro-benzene are formed {Wallach^ Ann. 328, 136). 

zl^-Cyclohexcnyl-acetic acid, m.p. 38®. On oxidation with KMn04 -acetyl- 
cyclopentene is formed, the intermediate being probably an aldohydo-kotonic 
acid {Perkin, Wallach, Ber. 42, 146). Lactone, see v. Braun, Ann. 466, 62. . 1^- 
Cyclohexenyl-acetic acid, {Eijkman, Chem. Weckbl. 6, 699). 4-Methyl- 

-cyclohexenyl-acetic acid, m.p. {Harding, Haworth, Perkin, J. 93, 1943). 
l-Methyi-/l®-cyc-ohexenyl-4-acetic acid, m.p. 40*6-41® {Perkin, Pope and 
Wallach, J. 95, 1793). /d^-Cyclohexenyl-isobutyric acid, m.p. 72®. 

Cyclohcxylidene-acetic acid, {CIl^)^> C:OHCOOH, m.p. 92®. 4-Methyl- 
cyclohexylidene-acetic acid, m.p. 66® (inactive), has a special theoretical 
interest, since, without containing an asymmetric carbon atom, it can be 
resolved, by moans of its brucine salt, into two optically active enantiomorphs, 
m.p. 62*6—63®, fa]D ± 81®. The optical activity is arises from the fact 
that the structure of the molecule as a whole is enantiomorphous. Tt can 
be represented by the formula 

CH3 /CHg—CHa. /H CHj 

C( )C C( >C C< >C 

H ^CHa—CHa/ ^COaH HOaC^ ^CE^—CH/ H 

in which the bonds in the plane of the paper are indicated by solid lines, and 
those in the plane at right angles to the paper by dotted lines. The Me and H 
thus lie on opposite sides of the plane of the paper, and the molecule contains 
no plane of symmetry; in other words, object and mirror imago cannot 
coincide {Perkin, Pope and Wallach, J. 96, 1793; cf. I, p. 44). For higher 
cyclohexenyl-fatty acids see v. Braun, Ann. 465, 52. 

jS-Cyclohexyl-acrylic acid, hexahydro-cmnamic acid CeHuCHrCH.COOH, 
m.p. 57—68®, from hexahydro-benzaldohyde, malonic acid and pyridine, also 
by the action of NaOBr on hexahydro-benzylidenc-acetoiic which is obtained 
from the same aldehyde and acetone {Sircar, J. 1928, 54). 

Cyclohexadienyl fatty acids: — 1,8-Mcthyl-cyclohexadienyl-acetic acid, 
MeCeHeCHjCOgH, m.p. 171® from 3-methylcyclohoxenone. 1,6-Dimethyl- 
cyclobexadienyl-8-acetic acid, MejCeHgCHaCOgH, m.p. 151®, b.p. 170®/! 5 mm., 
from 3,6-dimethylcyclohexenone {Wallach, Ann. 828, 139). 

Cyclohexyl-acetylene-carboxylic acids: Cyclohexyl-propiolic acid, 
CeHn-CiC.COaH, 

b.p. 162—163®/13 mm, from sodio-cyclohexyl-acetylene and COg {Jegorova, 
C. 1912 11010). Cyclohexyl-tetrolic acid, CeHn-CH^.C-C COaH, m.p. 76®, 
from cyclohexyl-allylenc {Ressdguier, Bull. 7 (1910), 431). For homologous 
cyclohexyl-acetylene-carboxylic acids see Bourguel, Ann. Chimie8(1926), 326. 

(b) Cyclohexane-hydroxy-acids, Hexahydro-hydroxybenzoic 

Acids. — 1- Hydroxy-cyclohexane-carboxylic acid, 1 - hydroxy-hexahydro- 
.CHa—CHav .CO,H 

benzoic acid, CH2<; » ni-P* 108—109® {Paaaerini, Gazz. 

\CHa—CHa^ ^OH 

68,410) is formed when cyclohexanone (p. 109) is treated in ether with hydro¬ 
cyanic and hydrochloric acids ( Tarbouriech, C. r. 149, 604). 8-Methyl-l-hydroxy- 
cyclohexane-carboxylic acid, b*P* 164®/i2 mm., has been obtained from 
d-3-metbyl-cyclohexanone with HON. A mixture of geometrical isomers is 
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formed, from which an acid m.p. 97—98®, a 4358 = — H’Ol®, has been isolated 
through its methyl ester (Oodchot, C. r. 208, 1042). 

2-, 3- and 4-Cyclohcxanol-carboxylic acids are formed by reduction of 
the hydroxy-benzoic acids or of the cyclohexanone-carboxylic acids with Na 
and EtOH. They usually occur in cis-trans isomeric forms, of which the 
cis forms of 3- and 4-cyclohexanol-carboxyl acids pass easily into lactones, 
when heated, with elimination of water. 

2-Hydroxy-cyclohexane-carboxylic acid, hexahydro-salicylic acid. 


ch/ 


CHa—CH(OH) 
CHa CHa 


\ 


CHCOaH, 


m.p. Ill®, results from the action of nitrous acid upon hexahydro-anthranilic 
acid and from the reduction of cyclohexanone-2-carboxylic acid or ester 
with Na-amalgam {Einhorn, Ber. 27, 2472, 247G). 3-Hydroxy-cyclohexane 
carboxylic acid, m.p. cis 132—133®, trans 120®, by reduction of m-hydroxy- 
benzoic acid (id., Ann. 291, 297; Perkin, J. 91, 484; WincUius, Ber. 56, 3981). 
4-Hydroxy-cycIohexane carboxylic acid, m.p. 121®, from 1,4-cyclohexanone- 
carboxylic acid (Perkin, J. 85, 430). Edson has prepared the three acids 
from the three hydroxy benzoic acids (J. Soc. Chom. Ind. 58, 138). 

2-, 4-, 5- and 6-MethyN8-hydroxy-cyclohexane-carboxylic acids have 
been obtained from the corresponding hydroxy-toluic acids (Baudisch, 
Hibhert, Perkin, J. 96, 1870). 3-Methyl-4-hydroxy-cyclohexane-carboxylic 
acid, m.ps. cis 140®, trans 116®, lactone m.p. 47®, from the corresponding 
keto-acid (Fisher, Perkin, J. 98, 1882). 4-Methyl-4-hydroxy-cyclohexano- 
carboxylic acid, m.p. 153®, lactone m.p. 70®, from cyclohexanone-4-carboxylic 
ester and MeMgl (Perkin, Proc. 1904, 86). 


Hydroxy-dihydro-cyclogeranic acid, d-hydroxy-cyclogeraniolane-carhoxylic 
.CHa—CH(CH3). 

acid, CH(OH)<( ^CH-COoH, cis (a) m.p. 146®, trans (a) 

^CHa C(CH3)2'^ 

m.p. 166®, lactone m.p. 68®, cis (P) m.p. 158®, trans (p) m.p. 38®, contains three 
asymmetric carbon atoms and hence exists in four inactive stereoisomeric 
forms, all of which are obtained by reducing isojihorone-carboxylic ester 
with Na and EtOH. With dehydrating agents they all are converted, more 
or less easily, into Zl®-cyclogcranic acid (p. 207) (Merling, Ann. 866, 161). 
8,5,5-Trimethyl-hexahydro-salicylic acid, m.p. 180®, b.p. 204®/10mm., from 
trimethyl-2-cyclohexanone-carboxylic acid (p. 138) (Germ. Pat. 142,139). 

Hcxahydro-phthalide, cis and trans, b.p. of both 134—138®/26 mm., is 
formed by heating the corresponding hydroxy-acid (p. 131), or by heating 
the Ag-salt of the cis or trans hexahydro-homophthalic acids with Ij 
(Windaus, Ber. 55, 3986). For substituted hexahydro-phthaiides see 
Berlingozzi, Gazz. 67, 248, 264. Hcxahydro-isophthalide, a viscous oil, b.p. 
Ill—116®/8 mm., by reduction (with Al-amalgam or catalytically) of hexa- 
hydro-isophthalic anhydride (Komppa, Ann. 521, 267). 

Hexahydro-dihydroxy-benzoic acid, from J^-tetrahydro-bcnzoic acid di¬ 
bromide (Aschan, Ann. 271, 280). Hexahydro-trihydroxy-benzoic acid, 
dihydroshikimic acid, (H0)3C8H8*C02H, m.p. 176—178®, is obtained when 
shikimic acid (p. 136) is reduced with sodium amalgam. 


Hexahydro -1,3,4,6 - tetrahydroxy - benzoic acid, quinic add 
(H 0)4 • CgH 7 • COgH, m.p. 162®, Ojptically active, is present in the true 
cinchona bark, in coffee beans, in bilberry, and, in small quantities, 
in hay and sugar-beet (v. Lippmann, Ber. 34, 1159). It is obtained 
as a secondary product in the preparation of quinine by extracting 
the quinine bark. When its calcium salt has been purified by recry¬ 
stallisation, the acid is liberated by oxalic acid. Its configuration, 
which was established by Fischer (Ber. 66, 1009; id., Angew. 46, 
431), is: 
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H 

H 

1 

l/oh 

V OH 

HoXi 

\ COOH 
H\J 

?/oH 


H H 


The acid decomposes on distillation into phenol, hydroquinone, benzoic 
acid and salicylaldehyde. When boiled with water and lead peroxide, it 
gives hydroquinone, while MnOg and sulphuric acid convert it into quinone. 
Rrotocatechuic acid (vol. Ill) is formed when it is fused with caustic potash 
or soda. Bacteria decompose calcium quinate into protocatechuic acid, but 
if a'r is excluded during the f(‘rmentation, the only products are formic acid, 
acetic acid and propionic acid. Quinic acid is reduced by hydriodic acid to 
benzoic acid, and degraded to citric acid by periodic acid {Fischer, Helv. 
17, 1196). When it is treated with acetone, water is eliminated between 
the COOH-group and the OH in the 3-position, and acetone condenses with 
the OH groups in 4- and 5-positions, forming a mono-acetone compound of 


(CH3)2C-0 

I — 

o 


OH 

\)0 


quinic lactone, m.p. 140—141*^, which gives a mono-benzoyl compound, m.p. 140®, 
with benzoyl chloride and pyridine. With hot dilute mineral acids acetone is 
set free and quinic lactone (see below) and benzoyl-quinic lactone, m.p. 148®, 
are formed {Fischer, Ber. 54, 781; 00, 485; Mazza, Gazz. 57, 292). 

Calcium salt, (C 7 HiiOe) 2 Ca-j-lOHgO. Methyl ester m.p. 120®, a7nide m.p. 
132®, tetramethyl ether-methyl ester m.p. 56—58, {Herzig, Arch. Pharm.258, 61), 
tetracetyl-ethyl ester, CeH7(0.C0Me)4‘C02Kt, m.p. 135® {Erwig, Bcr. 22, 
1462). For other derivatives see Fischer, Ber. 54, 776. 

Inactive quinic acid is produced when its lactone, quinide, is boiled with 
milk of lime. Calcium salt, (C 7 HiiOe) 2 Ca f 4 H 2 O. 

Quinic lactone, quinide, C 7 H 10 O 5 , m.p. 198®, optically inactive, is formed 
as mentioned above, and also by heatmg ordinary optically active quinic 
acid to 220—240® {Eijkman, Ber. 24, 1296). 

Quinic acid forms a depside with caffeic acid (vol. Ill) which is known 
as chlorogenic acid, 3-caffoyl-quinic acid {Fischer, Ber. 05, 1037), 

COOH[ 1 ]CeH7(OH)3[l,4,5] • [3J • O • CO • CH: CH. [l']CeH3(OH)2[3',4'], 
m.p. 206—207®; it occurs in the coffee beans also in the milky sap of Ficus 
elastica and Castilloa el. {Oorter, Rec. 81, 281). Chlorogenic acid gives a 
sensitive colour reaction with alkali nitrite and NaOH {Hopfner, Chem.- 
Ztg. 50, 991; Oriebel, ib. 57, 353; estimation in coffee beans ib. 57, 875). 

A hexahydro-pentahydroxy-benzoic acid, dihydroxy-dihydro-shikimic acid, 
(H 0 ) 6 C 5 H 2 -C 02 H, which melts at 156® and is optically inactive, is formed 
by the action of aqueous baryta on dibromo-shikimic acid. The latter, 
when evaporated with water, forms a bromo-lactone m.p. 295® {Eijkman, 
Ber. 24, 1294). 

Tetrahydro-hydroxy-benzoic acids : 2-(a-Hydroxyamyl) -zJ ^-tetrahydro- 
benzoic acid, s^nolic acid, m.p. 88—89®, occurs as its lactone in the high- 
boiling fractions of the essential oil of celery. On heating it gives the lactone 
sedanolide, b.p. 85®/17 mm., which smells strongly of celery {Ciamician, 
Ber. SO, 498, 1420). 

Tetrahydro- and dihydro-phthalides and the odour of their alkyl sub¬ 
stitution products have been studied by Berlingozzi, Gazz. 57, 264; 61, 886 , 
and by Komppa, Ann. 521, 257. 

z]^-Tetrahyd^o-3,4,5-trihydrqxy-beiizoic acid, shikimic acid, 
(H0)3C«He.C02H, 
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in.p. 184®, occurs in the fruit of Illicium religiosum (cf. shikijnol, vol. III). 
Its dihydro- and dihydroxy-dihydro-derivatives have been described above. 
CyclohexanoUfatty acids: Cyclohexanol-l-acctic acid, 

C5Hio:C(OH).CH,C02H, 

m.p. 63®. 4.Methyl-cyclohexanol-l-acetic acid, CH3.C6H9:C(0H) .CH2.C02H, 
a-acid, m.p. 141®, j5-acid, m.p. 90®. 4-Methyl-cyclohexanol-l-a-propionic acid, 
CHg.CgHgrQOH)- 011 ( 0113 )-COgH, m.p. 110®. These esters are prepared by 
condensation of cyclohexanones with bromo-aliphatic esters and zinc (p. 133) 
{Wallachy Ann. 860, 26; 366, 261; Becherer, Helv. 8 , 184). 

Hexahydro-mandelic acid, OeHii-OH(OH)-OOOH, m.p. 166®, from cyclo¬ 
hexyl-acetaldehyde cyanhydrin {ZeUnsky, Ber. 41, 2677). Hexahydro- 
atrolactic acid, O 0 HiiO(OH)(Me)OOOH, m.p. of the racemic form 101-5®, 
is obtained by hydrogenating atrolactic acid {Freudcnherg, Ann. 601, 217). 

Cyclohexyl-giycidic esters, such as [OHjlsrC-O-CH-OOgEt, b.p. 128®/ 

17 mm., and [ 0 H 2 ] 6 :(i 3 -O-(i( 0 H 3 ) 0 O 2 Et, b.p. 165®/40 mm., are formed by 
condensing cyclohexanones with chloro-acetic ester or a-chloro-propiomc 
ester by means of NaOEt. Similarly, J^-tetrahydro-acctophenone yields 

methyl-tetrahydro-phenyl-glycidic ester, OgHg. C(Me)0 • OH • 0 O 2 Et. The 
giycidic acids resulting from the hydrolysis of these esters readily decompose 
into OOg and aldehydes or ketones (pp. 122 , 124) {Darzens, 0. r. 142, 714; 
144, 1123; 161, 758). 

Some polyene-carboxylic acids: e.g. azafrin, O 27 H 38 O 4 , are also hydroxy- 
fatty acids of the cyclohexane series and are described with the Natural 
Oolounng Matters (p. 413). 

Hcxahydro-phenylglycine-o-carboxylic acid, OeHio(OOOH) NHCH 2000 H, 

m.p. 234®, from phenylglycine-o-carboxylic acid (vol. Ill) with Hg and 

Pt-black, titrates as a monobasic acid, OeHio( 000 “)-NH 2 *OH 2 * 00011 . 
Dimethyl ester m.p. 60®. The ethyl eater gives hexahydro^indoxylic ester, 
m.p. 96® (vol. IV) when treated with NaOEt {Vorlander, Ber. 69, 2075). 

(c) Keto - cyclohexane-(-hexene-)monocarboxyli6 Acids. — 

1 , 2 -Cyclohexanone carboxylic acids and their esters are formed: (1) by cyclic 
aceto-acetic ester condensation of pimelic esters and their alkyl substitution 
products by means of sodium {Dieckmann, Ann. 317, 27); (2) by condensing 
cyclohexanones with oxalic ester; the cyelohexanone-glyoxylic esters so formed 
lose 00 when heated {Kotz, Ann. 360, 211); (3) by the action of sodamide 
and OOg on cyclohexanones in ether solution {Gardener, J. 97, 1764). 

/OHg— OOv 

1,2-Cyclohexanonc-carboxylic acid, HaO<^ >0H - OOgH, or in the 

^OHg—OHg/ 

^OHg—0(OH) 

enolic form HgO ^O-OOgH, m.p. 81—82® with loss of OOg. The 

\CH,—CH, 

ethyl ester, b.p. 107®/11 mm., is obtained as above; it resembles 2-cyclo- 
pentanone-carboxylic ester (p. 68 ) in being a cyclic analogue of 
acetoacetic ester, and at ordinary temperature the ester contains 76% of 
the enolic form {Dieckmann, Ber. 66 , 2470). It is decomposed by dilute 
sulphuric acid into cyclohexanone, and by boiling alcoholic potash into 
pimelic acid. With NaOEt and Mel it gives l-metbyl-1,2-cyclohexanone- 
carboxylic ester, b.p. 108®/11 mm., which is decomposed to a-methylpimelic 
acid by alcoholic potash. These j?-keto-esters yield bicyclic pyrazolone 
derivatives with hydrazines. With NH 3 1,2-cyclohexanone-carboxylic ester 
gives tetrahydro-anthranilic ester, CeH 8 (NH 8 )C 02 R, m.p. 74® {Dieckmann, 
Ann. 317, 93); the free acid of this ester has also been obtained from 
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anthranilic acid by reduction with Na and amyl alcohol {Mazza^ Gazz. 67, 
292). With benzamidines tetrahydro-quinazolines (vol. IV) are formed. 
Special interest attaches to 4-methyl-l,2-cyclohexanone-carboxylic ester, 

Me-CH<^ * ^^CH.COjEt, b.p. 1230/13 mm., obtained from ethyl 

^-methyl-pimelato or 1,3-methyl-cyclohexanone-glyoxylate; with sodium and 
isopropyl iodide it gives 4-niethyl-l-isopropvl-l,2-cyclohexanone-carboxylic 
/CHj—CHas, 

ester, Me*CH<; , b.p. 1460/14 mm., from which men- 

^CHa - CQ/ ^COaEt 

thone (p. 230) is formed by hydrolysis with dilute sulphuric acid {Straus, Ann. 
842, 198). d-3-Methyl-l,2-cyclohexanone-carboxyllc acid, m.p. lOS®, inactive 
form m.p. lOQo. 5-Methyl-l,2-cyclohoxanone-carboxylic acid, m.p. 101®, is 
prepared by method (3). 3,6,6-Trlmethyl-l,2-cyclohoxanonc-carboxylic acid, 
m.p. Ill® decomp., is formed from dihydro-isoacetophorone by treatment 
with COg and Na in ether (Germ. Pat. 136,873). 

,CO CHav 

1.3- Cyclohexanone-carboxylic acid, CHg/ NCH-COall, m.p. 

^CHa—CHa/ 

740 , can be obtained from tetrahydro-hydroxy-terephthalic acid by heating 
to 116®, or on boiling with water, or by oxidation of the ester of 

l, 3 - hydroxy - hexahydro - benzoic acid with sodium bichromate {Dobson, 
J. 96, 2010). 

/CHa—CHa. 

1.4- Cyclohexanone-carboxylic acid, CO/ NCH COaH+HaO, 

\CHa—CHa^ 

m. p. 68®, has been prepared by the action of acetic anhydride upon 
a,y,e-pontane-tricarboxylic acid and subsequent distillation. This acid has 
served as starting material for the synthesis of a-terpineol (p. 223) and 
dipentene (p. 209) {Perkin, J. 86, 416). 3-Mcthyl-i,4-cyelohcxanone- 
carboxylic acid, m.p. 94® {Fisher, Perkin, J. 93, 1876). 

A number of y-keto-carboxylic acids have been obtained by reducing 
the corresponding 1,4-cyclohexenone-carboxylic esters (ace below) with 
hydrogen and colloidal Pd {Skita, Ber. 42, 1627). 2-Methyl-1,4-cyclohexanonc- 
carboxylic ethyl ester, b.p. 128®/16 mm. Dihydro-isophorono-carboxyiic 
ester occurs in two cis-trans isomeric forms: a-form, m.p. 44®, b.p. 125®/9 mm.; 
/?-form, liquid, b.p, 137®/12 mm.; the free acids, a, m.p. 127®, and fi, m.p. 119®, 
can also be obtained by oxidation of the hydroxy-dihydro-cyclogeranic 
acids (p, 136). They give the trans forms of these acids when reduced with 
sodium and alcohol. 

l-Methyl-cyclohexane-3-one-4-acetic acid, semicarhazone m.p. 116®, is 
obtained by heating the corresponding malonic acid to 86®. Lactone m.p. 
104-106® {Kbtz, J. pr. 110, 118). 

✓CH 2 —CH2N. ✓Ac 

1- Acetyl-cyclohexane-carboxylic ester, CH8<; , b.p. 

^CHa—^COaEt 

241—246®, is formed from 1,6-dibromo-pentane and ethyl sodiO-acetoacetate; 
on boiling with alcoholic potash it yields hexahydro-acetophenone (p. 124) 
{v, Braun, Ber. 40, 3946). Similarly, 2-methyl-1-acetyl-cyclohexane- 
carboxylic ester is obtained from 1,6-dibromo-hexane and ethyl sodio- 
acetoacetate {Freer, Perkin, Ber, 21, 737). 

Ilexahydrobenzoyl-acetic ester, CeHn-CO-CHaCOaEt, b.p. 136®/18 mm., 
from hexahydrobenzoic ester, acetic ester and sodium {Wahl, Bull. 3 (1908), 
967). d-Hexahydrobenzoyl-n-yaleric acid, m.p. 68®, is formed in the oxidation 
of cyclohexyl-cyclohexanone {Wattach, Ann. 389, 169). 

Cyclohexyl-acetoacetlc ester, CeHn-CH(Ac)C02Et, b.p. 126®/14 mm., is 
obtained, in bad yield, from iodo-cyclohexane and ethyl sodio-acetoacetate 
{Hell, Bor. 42, 2232). 
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J*-l,2-Cyclohexenone-carboxylic acid, -dihydro-salicylic acid (enolic 
.CH C(OH) 

form) CH^ > C.COOH, easily loses CO^; it is obtained from ^®-eyclo- 

CH 2 

hexenonc with COg and Na, or by condensation with oxalic ester followed 
by loss of CO {Kotz, J. pr. 80, 506). 

J , 2 - Oyci ohexenone - carboxylic acid, 

/CHg—CO. /CH=: 

CH-C >C.COoH and CH/ 


A - dihydro - salicylic 
=C(OH) 

>C.C 02 H, m.p. 1280; 


acid 

its 


\CHg—CH^ _ 

ester^ b.p. 1030/12 mm., is obtained from ethyl 1,2-cyclohexanone- 
carboxylate by bromination to ethyl a-bromo-l,2-cyclohexanone-carboxylate, 
b.p. 1440/13 mm., and elimination of HBr by boiling with aniline. On heating 
with soda-lime the acid breaks up into COg and /J*-cyclohexenone {KotZj 
J. pr. 80, 494; Ann. 386, 200). 

CH==Cy—Me 

A 2-1,4-Cyclohexenono-carboxylIc esters, such as CO<; ^CH • COgR, 

^CHg.CHg/ 

are obtained by the action of sodium ethoxide upon alkylidone-bis-aceto- 
acctic ester, one carboxyl group being lost. They contain the same grouping 
as glutaconic ester (I, 576), and can therefore, like the latter, be alkylated 
with NaOEt and alkyl iodide. The esters occur in a neutral form insoluble 
in alkali, and an acid form soluble in alkali. The former may be converted 
into the latter by NaOPlt. Reduction with Hg and colloidal Pd produces 
1,4-cyclohexanone-carboxylic esters. The cyclohexenone-carboxylic acids 
easily break up into COg and zl^-cyclohexenones (p. 114). 

2-Methyl-/J 2-1,4-cyclohexenone-carboxylic ester, 

/CH .=rCMe. 

CO< >CH.COaEt, 

^CHg—CHg/ 

b.p. 165®/18 mm., is obtained from methylene iodide and ethyl Na-aceto- 
acetate or from ethyl methylene-bis-acetoacetate by the action of NaOEt 
{Skttaf Ber. 41, 2943); the addition product with bromine loses 2 HBr and 
gives o-methyl-p-hydroxy-benzoic acid (Babe, Ber. 88, 969). 2,6-Dimetby]- 
2*-l,4-cyclohexenone-carboxylic ester, b.p. 140®/7 mm., from ethyl ethylidene- 
bis-acetoacetate (id. Ann. 342, 344). Isophorone-carboxylic ester, 
CH=CMe. 

CO< >CH.COgEt, 

^CHg—CMcg/ 

b.p. 136—140®/10 mm., is formed by combination of ethyl sodio-acetoacetate 
and isopropylidene-acetoacetate. On hydrolysis isophorone (p. 116) is 
produced, and on reduction with Na-f-EtOH, a mixture of various stereo- 
isomeric hydroxy-dihydro-cyclogeranic acids (p. 136). 
5-Isopropylidene-cyclohexane-2-one-l-carboxylic ester, 

/CHg—CHg. 

MegC:C< >CO 

\CHg- -CH^COgEt, 

has been obtained by cyclic acetoacetic ester condensation from y-iso- 
propylidene-pimelic ester {Perkin, J. 91, 1744). 

6,6 - Dimethyl-zl^-cyclohexene-3-one-1-acetic ester, b.p. 171®/22 mm.. 


Me. 


/CHg—CO. 


P<^ Crossley, J. 95, 19. 

C<; 




CHgCOgEt 


2-Valeryl-J*-tetrahydrobenzoic aeid^ sedanonic acid, HgC; 


CHg—CH 

/ \c-COOH. 


^JH,- 


I— CH-COC4H, 
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ni.p. 113®, occurs in celery oil (Giamician, Ber, 80, 603, 1419) and in the 
essential oil of the Chinese drug Cnidium officinale (Murayama, J. Pharm. 
Soc. Jap. 1923, No. 493). 


(B) Hydroaromatic Dicarboxylic Acids 

(^*•1) Cyclohexane-dicarboxylic Acids. ~ These acids show the 
behaviour of dialkyl-malonic acids, symm. dialkyl-succinic acids, symm. 
a-dialkyl-glutaric acids or symm. a-dialkyl-adipic acids, according to the 
relative position of the carboxyl groups. 

Cyclohexane-l,l-dicarboxy]ic and 2-methyl -cyclohexane-1,1-dIcarboxylic 
esters have been made by the action of sodio-malonic ester on (methyl) 
1,6-dibromopentane. The free acids lose CO 2 when heated and give hexahydro- 
benzoic acid and hexahydro-o-toluic acid. The free 1,1-cyclohoxane-dicarboxyIic 
acid, m.p. 207® decomp., was first prepared hy Ingold and Thorpe {J. 116, 376; 


123, 866) from the spiro-compound 


by oxida- 


/CH{OOOH)—OH2 

\-CHOH 
tion with HNO3, and also from j5,l-carboxy-fi, 1-cyclohexane-acrylic acid or 
.CO.CH 

from the diketone l| with KMnO.. 2-Methyl-cyclohexane- 

\COCOH 
.CHa-CHCCHg). 

I, 1-dicarboxylic acid, CHZ >C(C02H)2, m.p. 147® I Perkin, 

\CH2- GH,/ 

J. 63, 206). 


HoxahydrophthElic Acids. — According to HaeyeP^ theory (Ann. 
268, 146), which is based on the tetrahedral distribution of the groups 
attached to carbon, two geometrically isomeric hexahydrophthalic acids 
are possible. The isomerism is due to the different positions occupied by 
the carboxyls relative to the plane of the eyedohexano ring; hence the 
isomers are termed cis and trans forms (cf. p. 60 et al.). A general 
method of preparing o-, m- and p-hoxahydrophthalie acids is from the 
dibromides of tetramethylene, trimethylene, ethylene, which are condensed 
with Na-compounds of ethane-, propane-, biitane-(U,ca-tetra-carboxylie esters. 
The resulting cyelohexane-1,1-2,2, -1,1-3,3- and -1,1-4,4-tctracarboxylic 
acids are heated to remove 2 CO 2 {Goldsworthy, J. 1931, 482). 

Hexahydro-o-phthalic acid, cyclohexane-1,2-dicAjrboxylic acid, CgHio(C02H)2, 
cis m.p. 192®, anhydride m.p. 32®, b.p. 146®/18 mni., imide m.p. 137®, and 
trans m.p. 222®, anhydride m.p. 143®, are produced together when zl^-tetra- 
hydro-o-phthalic acid is reduced, or when 1,1,2,2-cyclohexane-tetracarboxylic 
acid is heated to 200® {Goldsworthy, 1. c.). The cis acid is also obtained by 
hydrogenating .d^-tctrahydrophthalic acid (p. 141) and the trans acid by 
oxidising 2-methylol-hexahydrobenzoic acid (p. 131). Another way of 
preparing the trans compound, which is due to Kon and Qudrat-I-Khuda 
(J. 1926, 3071), is from /J^-cyclohexenyl-methyl-ketone which is condensed 
with ethyl Na-malonate. The resulting decahydronaphthalene compound 
is then oxidised. 

The cis acid is more soluble in water than the trans acid, and when heated 
with cone. HCl it passes into the trans acid. The anhydride of the latter 
is converted by heating for some time at 210-220® into the cis anhydride 
{Baeyer, Ann. 268, 214). When the cis ester is heated with NaOEt it is 
converted quantitatively into the trans ester (W. Huckel, Ber. 68, 449). 
The trans acid has been resolved by means of its quinine salt into optically 
active components, d- and l-trans hexahydrophthalic acids, [ajo+ 18*2® and 
-18*6®, m.p. 179-183®; anhydride, m.p. 164® {Werner, Ber. 32, 3046). The 
cis acid is in the meso form and cannot be resolved; the anilic acid, however, 
has an asymmetric structure, and has been resolved by means of the cin- 
chonidine salt {Stoermer, Ber.'65, 413). 
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Cyclohexane-1,8-dicarboxylic acids, hexahydro-isophthalic acids, are both 
formed in the reduction of isophthalic acid {Komppa, C. 1933 TI 866 ), 
and when 1,1,3,3-cyclohexane-tetracarboxylic acid is heated to 200 — 220 ®. 
The calcium salt of the cis acid is more sparin^?ly soluble than that of 
the trails acid. The cis acid, in.p. 163®, is partly converted by heating 
to 180® with hydrochloric acid into the trans acid, m.p. 148®. Both acids 
give an anhydride., m.p. 187®, with acetyl chloride {Komppa, Ann. 521, 242). 
The trans acid has been resolved by means of the strychnine salt into its 
optical antimers, m.p. 134®, [a]!) i 23® {Boeseken, Roc. 44, 841). 

Cyclohexane-l,4-dicarboxylic acids, hexahydro-terephthallc acids can 
be obtained by reducing the hydrobromides of the tetrahydro-terephthalic 
acids in glacial acetic acid with zinc dust or catalytically, by ozonising 
3,6-endoethylene-/1^-tctrahydrophthalic acid, obtained from 1,3-dihydro- 
benzene and dibromo-maleic anhydride with subsequent catalytic reduction 
{Diels, Ann. 478, 149), or by heating cyclohcxane-l,l,4,4-tetracarboxylic 
acid to 200—220®. The ozonisation method gives the cis acid, m.p. 171®, which 
is also formed from dicyclohexadiene (p. 193) by oxidation, while from 
cyclohexane-tetracarboxylic acid the trans acid, melting at 309®, is the 
chief product. The cis acid, when heated with hydrochloric acid to 180®, 
rearranges into the trans acid. 

The three pairs of hexahydro-phthalic acids resemble fumaric and maleic 
acids, both in their solubilities and in the methods by which they can be 
interconverted. They are sometimes described as maleinoid and fumaroid 
modifications. 

a-Bromo substitution products of these acids have been prepared from 
the acid chlorides by trc'atment with bromine, and also by diene condensation 
with bromo-malcic anhydride. Bromo-substituted hexahydro-dicarboxylic 
acids are also formed by the addition of HBr or Brg to tetra- and dihydro- 
dicarboxylic acids. 

( 82 ) Cyclohexene-dicarboxylic ’’tetrahydro-o-phthalic adds,-- 

Four structural isomers are possible, which differ in the position of the 
double bond. The two modifications in which neither of the two COgH 
groups is attached to a doubly bound C-atom can each exist in two geo¬ 
metrically isomeric forms. 

CHa—CH2~C.C02H 

zJ^-Tetraliydro-o-phthalic acid, | |1 , m.p. 120®; the 

CHa—CHa—C.COaH 

anhydride m.p. 74®, is formed when hydro-pyromellitic acid (vol. Ill) is distilled, 
or from the cyanhydrin of 1 -cyclohexanone- 2 -carboxylic ester by hydrolysis 
and elimination of two mol. HaO ( W, Huckel, Ber. 67, 1811). KMn 04 oxidises 
it to adipic acid {Baeyer, Ann. 166, 346; 258, 203). When the anhydride is 
reduced in the presence of Ni at 220®—240®, there is no reduction of the ring, 
but one CO-group is reduced to CHg, so that the corresponding phthalide, 
m.p. 73®, is formed; this on hydrolysis gives A^-tetrahydro-inethylol-o-henzoic 
acid, m.p. 85®. The hydrophthalides in which alkyl groups are attached 
to the lactone ring have the smell of celery {Mazza, Gazz. 57, 300; Berlin- 
gozzi, C. 1927 II 266). 

CHa.CH=CC02H 

z|2_^8jjpetraliydro-o-phthalic acid, ] I , m.p.215®,a?i- 

CHa—CHa—CHCOaH 

hydride m.p. 78®, has been obtained by the decomposition of sedanonic acid 
(p. 139; Ciamician, Ber. 30, 603, 1419). It is also formed by boiling the 
-d^-acid with KOH, when the double bond shifts, and by the reduction of 
phthalic acid or zl®’®-dihydrophthalic acid, when 

CH—CHa—CHCOOH 

trans-d^-Tetrabydro-o-phthalic acid, || I , m.p. 216®, 

CH—CHa—CHCOOH 

anhydride m.p. 140®, is also formed. This can be separated from the d*-acid 
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by means of acetyl chloride, which in the cold converts the J^-acid into 
the anhydride, but has no action on the /d®-acid {BaeyeVy Ann. 258, 211). 

cis-zl^-Tetrahydro-o-phthalic acid, m.p. 166®, is formed when the 
dihydro-acid is reduced and can be also obtained from its anhydride,^ m.p. 
103—104®, which is formed when the anhydride of the trans J^-acid is heated 
(id. Ann. 2B9, 202). It can also be prepared by diene synthesis from maleic 
anhydride and butadiene in benzene {Diels, Ann. 460, 113). Catalytic re¬ 
duction converts the acid into cis hexahydro-o-phthalic acid (p. 140). Diels 
and Alder (1. c.; Ber. 62, 2087) have prepared many methyl- and phenyl- 
substituted Zl^-tetrahydrophthalic acids by the diene method from maleic 
anhydride and methyl-, phenyl- or diphenyl-butadienes, and also acids 
bridged by endu-methylene and endo-cthylene groups in the 3,6-positions 
(p. 192), from cyclopentadiene or 1,3-dihydro-benzene and maleic, citraconic, 
itaconic anhydrides or their derivatives. All these acids give hexahydro- 
phthalic acids on catalytic reduction. 

Three structurally isomeric tetrahydro-isophthalic acids are theoretically 
possible, of which one should occur as two geometrical isomers. Throe acids 
are known, but there is still confusion here {Perkin, J. 87, 293; Farmer and 
Richardson, J. 127, 59; Kon and Nandi, J. 1983, 1628). 

HOaCC --CH—CHCOgH 

zli=zl®-Tetrahydro-i8ophthalic acid, | I , m.p. 

CH 2 —CHg—CHg 

197—198®, from cyclohexanone-2 : 6-dicarboxylic acid by reduction, d(‘hy- 
dration and hydrolysis. This acid is not formed in the reduction of isoph- 
thalic acid. 

HOgC. C-CH 2 —CH. CO 2 H 

^8~j6,xetrahydro-isophthalic acid, || I , m.p. 

CH—CH 2 —CH 2 

244®, is formed from the/l^-acid on boiling with concentrated potash. 

HOjC. CH—CHg—CH. COgH 

cis-zI^=/.1®-Tctrahydro-isophthalicacid, I I , m.p. 

CH=CH CH 2 

166®, is formed in the reduction of isophthalic acid with sodium amalgam. 

The anhydride, m.p. 78®, formed by heating any of the three tetrahydro- 
isophthalic acids with acetic anhydride, is derived from the or /d®-acid, 
and not from the Zl^-acid, as was formerly believed {Bredt, J. pr. 147, 27). 

Tetrahydroderephthalic acids theoretically can exist in two structurally 
isomeric forms, which differ in the position of the double bond; one of them 
can occur in two stereoisomeric modifications (sec above). 

A ®-Tetrahydro-terephthalic acid, HOjC • CH(; >CH • COoH, trans 

m.p. 228®, cis m.p. 161®, Z-trans m.p. 222®. Both geometrical isomers result from 
the reduction of and zl^«®-dihydroterephthaIic acids {Baeyer, Ann. 251, 
273). The cis acid is much more readily soluble in water than the trans acid. 
Both are oxidised to succinic acid by KMnO^, and both are converted into 

.CH 2 -CH. 

J^-Tetrahydro-terephthalic acid, HOaC CH<; ^C COoH, m.p. 

>300® (sublimes), by boiling with aqueous NaOH {Baeyer, Ann. 258, 7); 
cf. the similar change of ^,y-hydromuconic acid into the a,/^-acid (I, 677). 

(as) Cyclohexadiene-dicarboxylic Acids. — Six structural isomers 
of dikydro-o-phthalic acids are possible, according to the position of the 
double bonds, one of which can occur in two stereoisomeric modifications. 

CH.CH 2 .C.CO 2 H 

zl^'^-Dihydro-o-phthalic acid, || jl , m.p. 163®, anhydride 

CH • CHg • C • CO 2 H 

m.p. 134®, is produced by, boiling /d®*^-dihydrophthalic acid with acetic 
anhydride for some time {Baeyer, Ann. 269, 204). 
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CHCHjj.CHCOjH 

/d®**-Dihydro-o-phtliallc acid, || | , m.p. 179®; the an- 

CHCHrC.COaH 

hydride^ m.p. 103®, is produced from the acid by the action of acetic an¬ 
hydride in the cold. The acid is obtained by boiling /4®»®-dihydro-o-phthalic 
dihydrobromide with potash in MeOH. 

CHj.CHiCCOgH 

/I2««-Dihydro-o-phthalic acid, | | , m.p. 215®, anhydride 

CHaCH.CCOgH 

m.p. 83®. The acid results from the reduction of phthalic anhydride with 
sodium amalgam in alkaline solution {Baeyer^ Ann. 269, 162, 194), and from 
boiling the or zl®’®-acid with aqueous NaOH (Proost, Ber. 27, 3185). 

CHrCH.CHCOgH 

trans-zl®'®-Dihydro-o-phthalic acid, | l , m.p. 210®, is ob- 

CHrCHCHCOjiH 

tained by reducing phthalic anhydride with sodium amalgam in acetic acid 
solution. The acid has been resolved into its optical antimers by means 
of its strychnine salt. When it is converted into the Zl^*®-acid by boiling 
with caustic soda solution, or into the eis-^®»®-acid by heating with AcgO, 
the optical activity disappears, the resulting acids containing no asymmetric 
carbon atom {Neville, J. 89, 1744). — cis-J®’®-Dihydro-o-phthalic acid, m.p. 
174®, anhydride m.p. 99®, is formed when the trans ^®-®-acid is treated 
with AcgO. 

Dihydro-terephthalic acids. There are four possible structural isomers, 
which differ in the position of the double bonds. One of these, the zl^'^-acid, 
should exist in two stereoisomeric forms. All the modifications are known; 
they all melt indistinctly at a high temperature with decomposition. 

CR CH 

^‘■•-Dlhydro-tcrephthallc acid, HOOC C^ %C COOH, is ob- 

\CH,—CH/ 

tained by heating a,a'-dibromo-hexahydro-terephthalic acid or /l*-tetra- 
hydro-terephthalic a<;id dibromide with alcoholic potash {Baeyer, Ann. 268, 
23). Dimethyl ester, m.p. 86®. 

QJJ_QJJ 

Ji’^-Dlliydro-terephthalic acid, HOOC-C/ ‘^C-COOH, is formed 

\CH,—CH^ 

by reducing terephthalic acid with sodium amalgam, by boibng the isomeric 
dihydro-terephthalic acids with sodium hydroxide (id. Ann. 251, 272), and 
by reducing p-dichloro-zl^>®-dihydro-terephthalic acid, obtained by the 
action of PClg on succino-succinic ester, with sodium amalgam {Levy, 
Ber. 22, 2122). The dimethyl ester, m.p. 130®, contains reactive CHg-groups 
and condenses with oxalic ester and with benzaldehyde in presence of NaOEt 
to give derivatives of terephthalic acid: phthalide-dicarboxylic acid, the 
lactone of the acid (HOOC) 2 C«H 3 CH(OH)COOH, and henzyl-terephthalic acid 
(HOOC)jCeH3CH2Ph. 

Qjj_CH 

/I'-'-Dlhydro-terephtliallc acid, HOOC.Ch/ ‘ V'COOH, results 

\ch=.-ch/ 

from boiling trans zl*'®-dihydro-terephthalic acid with NaOH; the dimethyl- 
ester resinifies on exposure to the air {Baeyer, Ann. 258, 18). 

/CH=CH. 

/P.ft-Dihydro-terephllialic acids, HOOC.CH< >CH.COOH, cis 

\CH=CH/ 

and trans, are both formed in the reduction of terephthalic acid. The trans 
diphenyl ester melts at 146®, and the dimethyl ester at 77® (id. Ann. 251, 295). 
This ester breaks up into terephthalic and hexahydro-terephthalic esters 
when heated in a COj atmosphere in presence of palladium black. 

For the conversion of hexa-, tetra- and di-hydro-terephthalic acids into 
terpene homologues by means of alkyl-Mg-iodides see Bogert, Am. 41, 1676. 
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(b) Aliphatic Cyclohexane dicarboxylic Acids. — This name is 

used for those hydroaromatic dicarboxylic acids in which one or both 
carboxyl groups are not directly attached to the cyclohexane nucleus. 

/(CH2)mCOOH 

Those of the general formula CeHio\ . which m --- 0, 1, 

\CH2)nCOOH 

2 ..., and n = 1 , 2 , 3 ... can be obtained by oxidation of suitable hydro¬ 
genated ring systems, such as octahydronaphthalene, de(;ahydro-/?-naphthol, 
^-hydrindanone, and the like {W. Huckely Ber. 68 , 447; Ann. 461, 132). 

Cyclohexyl-malonic ethyl ester, GaH,i.CH(C 02 Et) 2 , b.p. l()4®/20 mm., and 
cyclohexyl-cyanacetlc ester, b.p. 158®/23 mm., are obtained from bromo- and 
iodocyclohexane with ethyl sodio-malonate and cyanacetate respectively 
{Hiersy AdamSy Am. 18, 2385: Vogely J. 1928, 2023). Cyelohexyl-malonic 
acid, m.p. 177®, breaks up, on heating, into COj and hexahydro-plienyl- 
acetic acid {FreundUry C. r. 141, 593). Hexahydrobcnzyl-inalonie ester, 
CeHi^-CH 2 -CH(C 02 Et) 2 , b.p. 135—136®/3 mm. — For homologues of cyclo- 
hexyl-malonic acids, CgHii .(CH 2 )nGH(COOH) 2 , where n lies betv/een 1 and 
6 , see Hiers and AdamSy ibid. 


1-Carboxy-cyclohexane-l-acetic acid, m.p. 132—133®, is obtained from 
/C(OH).CH , . 

the enolised ketone CeHiQ<' *• , with alkaline bromine solution 

\CH-C(OH) 

{Ingoldy Seeleyy Thorpe J. 123, 853). For 2- and 3 -methylcyclohexane-l- 
carboxylic-l-acctic acids see Hunter et al., J. 1936, 410. l-Ciirboxy-4- 

• CH 

methyl-cyclohexane-l-acctlc acid, (^Me^ *^C(COOH)'CH 2 -COOH, has 

been prepared from 4-methylcyclohexanone and ethyl cyanoacetate through 
ethyl methylcyclohexylidenc-cyanoacetate with KCN and with subsequent 
hydrolysis by HOI and by the oxidation of a-keto- 4 -niethyl-cyclohexane- 
1 , 1 -diacetic acid {Desaiy J. 1932, 1058). Claims have been mad (5 that this 
acid exists in four isomeric forms instt'ad ol the two (cis and trans) which 
would be expected. These claims have not been supported by later work 
{Goldschmidt and Grdfingery Ber. 68, 279; Hunter et al., J. 1936, 416). 

l-Carboxy-cyclohexane-2-acetic acid, hexahydro-o-homophthalic acidy is 
obtained from homo-o-phthalic acid (vol. Ill) by catalytic reduction and 
from cis and trans /^-hydrindanone (p. 169) by oxidation; cis m.p. 146®, 
trans m.p. 157® {W. Huckely Ann. 461, 159). AnhydridCy m.p. 83®. The 
trans acid is also formed from ethyl /l^-tetrahydrobenzoate and ethyl 
sodiomalonate {Boorman and Linsteady J. 1936, 258). 1-Carboxy-cyclo- 
hexane-2-propionic acid, cis m.p. 103®, trans m.p. 143®, are both obtained 
from hydrocinnamic-o-carboxylic acid and from cis- or trans-)?-decalone. 
On heating with both modifications pass into a-hydrindanone (p. 169). 

l-Carboxy-cyclohexane-2-butyric acid, cis form 92-94®, is obtained from 
tetralono or from phenylene-l-carboxylic- 2 -butyric acid, and is converted 
into the trans form m.p. 92—94® when heated with HCl at 200®; both 
forms give trans a-decalone ( W. Huckdy Ann. 441, 13, 37; WindauSy W. HiickeL 
Ber. 66, 95; 67, 1285). 


Cyclohexane-l,l-diacctic acid, m.p. 181®, has been prepared by hydro¬ 
lysis with H 2 SO 4 of the adduct of one molecule /I^-cyclohexenyl-acetonitrile 
and two molecules of Na-cyano-acetamide {Birch, Kon, J. 123, 2440). 

€ycl0hexane-l,2-diacetic acid, cis m.p. 163®, anhydride m.p. 52®, is prepared 
by catalytic reduction of o-phenylene-diacetic acid, or by oxidising cis p- 
docalol or cis zl^-octalene with KMn 04 . The trans form, m.p. 167®, anhydride 
m.p. 79®, is obtained in a similar way from the corresponding trans compounds, 
and has been resolved into its optical antimers, m.p. 148-160® ( W. Huckel, 
Ann. 461, 140). Cyclohcxane-l-acctic-2-propioiiic acid, cis m.p. 109®, trans 
m.p. 116®, obtained from o-phenylene-acetic-propionie acid or from decalone- 
carboxylic acid, forms cis or trans /?-decalone by ring closure. The cis ester 
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gives cis decahydro-isoquinoUne (vol. IV) via the diazide and diamine 
{W, Hiickel and Ooth, Ber. 58, 449). l-Carboxy-cyclohexane-8-acetIc add, 
hexahydro-homoisophthalic acid, CaHio[l,3](COOH)(CH2COOH), m.p. 158®, 
is obtained from homo-isophthalic acid by reduction; distillation of its calcium 
salt gives a bicyclic ketone, bicyclo-[l,2,3]-octanone-2 (p. 194) 

-CO 

>CH2 I 


CH. 


.CHa-CH- 




CH 2 *CH- 


CHo 


{Komppa, ot al., Ber. 36, 3610; Ann. 521, 242). 

zl^-Cydohexenyl-l,2-diacotic add, m.p. 122®. Its diethyl ester has been 
prepared by Baker (J. 127, 986) from J^-cyclohexenyl-l-acetic ester which 
was first combined with Brj, then condensed with ethyl Na-malonate. 
The resulting ethyl .^l^-cyclohexenyl-l-acetic-2-malonate was hydrolysed and 
the free acid heated to remove CO®. 


(c) and (d) Hydroxy-and Keto-cyclohexane-dicarboxylic Acids. 

Qjj_CH 

a-IIydroxy-hexahydro-phthalic add, * >C(OH).COOH, m.p. 

^CHa—CHCOOH 

130®, a mixture of two stereoisomers, is obtained from the cyanhydrin of 
l-cyclohexanone-2-carboxylic acid {W. Huckel, Ber. 67, 1811). 

CHa—CHav. .COaH 

a-Hydroxy-licxahydro-isophthalicacid, CH 2 < >C(f , and 

HOOC.CH—CHa^ ^OH 

/CHa—CHav .COJS. 

a-Hydroxy-hexahydro-terephthalic add, HOOC CH<; >C<; , 

\CHa—CHa^ ^OH 

cis m.p. 169®, trans m.p. 229®, are hydrolysis products of 1,3- and 1,4-cyclo¬ 
hexanone carboxylic cyanhydrins (p. 138) {Baeyer, Ber. 22, 2186; Perkin, 
J. 85, 421). 

/CHa—C(OH)-COaH 

a,a'-Diliydroxy-hoxahydro-isophthalicadd,CH 2 <f , 

^CHa—C(OH)-COgH 

m.p. 217® decomp., anhydride m.p. 176®, is obtained from its dinitrile, the 
adduct of hydrocyanic acid and dihydro-resorcinol (p. 112) {Merling, Ann. 
278, 49). 

a,a'-I)ihydroxy-hexahyd ro-tcrephthalic add, 

HOOC,^ ^CHa—CHas^ ^COOH 

m.p. 122®, is obtained by hydrolysing with HCl the dinitrile, m.p. 180® 
decomp., formed by the addition of HCN to cyclohexano-l,4-dione (p. 112) 
{Zelinsky, Ber. 40, 2890). 

2,5-1)ihydroxy-}ioxahydro-torephthalic acid, CeH 8 (OH) 2 (COOH) 2 , ethyl 
ester m.p. 136®, is formed in the reduction of succino-succinic ester (p. 146) 
with Na-amalgam, together with 2,5-dihydroxy-tetrahydro-terephthalic ester 
(b.p. 219®/14 mm.). The dihydroxy-hexahydro-terephthalic ester partly 
loses water when distilled and gives J^»*-dihydro-terephthalic ester {StoUe, 
Ber. 88 , 390). 

2 - Isopropyl - 5 - methyl - 2,5 - dihydroxy - cyclohexane -1 - malonlc dilactone, 

inenthane-3-7nalonic-J,4‘dilactone, the so-called citrylidene-malonic acid, (I), 
C 13 H 18 O 4 , m.p. 186®, is formed from citral and malonic acid in presence of 
pyriduie or piperidine according to the following scheme: 


OHC—CH 

MegC: CH ^Me + HjCCCOOH), 
\jHa—dHg 


COCH 

6 


CH—CH, 


• y\JX±. -^ 

MegCHCC 

^CHa—( 

(I) 


CHa- 


-CO 

6 

'\cMo . 


Bichter-Anschtitz li. 


10 
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Alkalis decompose this acid with the formation of two isomeric hydroxy- 
lactones CijHjoOs, (II) m.p. 123*6® and (III) m.p. 118®, and loss of CO 2 . These 
react with HCl in MeOH to give the same dichloro-methyl-ester (IV), 
which proves their constitution. (II) can be transformed by dehydration 
and hydrogenation into menthane-acetic-3-1 actone-1 (V) {Kuhn, Ber. 64, 
1243): 


CHa—CO COCHo 



(V) (II) 


CHaCOOMe 

Cl I Cl 



(IV) 



zl^-Tctraliydro-2-hydroxj'-tereplithalic acid, cycloh€xane-2-(me-14-dicarh- 
oxylic acid 

/CHa—C(OH)v /CHa - CO. 

HOaC.CH< \c.COaH or H02C.CH<f >CH.COaH . 

\CHa-CHa^ ^CHa—CHa^ 

results from the reduction of hydroxy-terephthalic acid (vol. III). When 
heated to GO® with water, it loses carbon dioxide and gives cyclohexanone- 
3-carboxylic acid, the oxime of which is obtained from tetrahydro-hydroxy- 
terephthalic acid and hydroxylamine chloride (Baeyer, Ber. 22, 2187). 

A large number of keto-tetrahydro-benzene poly carboxylic estevft and m-diketo- 
hexahydro-benzene-carboxylic esters or hydroresorcylic esters have been prepared 
synthetically from 1,5-diketo- and d-keto-carboxylic esters, respectively, by 
tne elimination of water or of alcohol. A series of cyclohexanones, dihydro- 
resorcinols, tetrahydro-benzenes, dihydro-benzenes, etc., has been prepared 
with these compounds as starting materials (cf. pp. Ill, 114). Several alkylidene- 
bis-acetoacetic esters should be regarded as cyclohexanol-dicarhoxylic esters. 

yCO--CK -COgEt 

Cyclohcxanonc-2,4-dicarboxylic ethyl ester, Cil 2 <( >CH 2 , 

^CHg—CH-CQaEt 

b.p. 180®/20mm., is formed from pentane-a,y,e-tricarboxyIi(; ester by internal 
acetoacetic ester condensation (p. 19; Aay, Perkin, J. 89, 1640). 

/CHg—CH-COgMe 

Cyclohexanone-2,6-dicarhoxylic methyl ester, CHgc; >CO , 

'CHg—CH" - -COgMe 

keto-form m.p. 126®, enol a liquid, is obtained from pentane-m-tetra- 
carboxylic ester with NaOEt, followed by hydrolysis and loss of COg 
{Meerwein, unpublished). The ethyl ester, b.p. 144®/3 ram., is prey)arcd 
from trimethylene bromide with Mg and acetonc-dicarboxylic ester {Guha, 
Current Sc. 4, 163). 2-Methyl-eyclohcxanone-2,6-dicarboxylic ester, b.p. 160®/ 
10 mm., see Kotz, Ann. 360, 214. 


CO ‘CH 

Suceino-succinic acid HOaC-Cn/ ^NCH-COgH is obtained by 

^CHg.CO/ 

hydrolysing its diethyl ester with the calculated amount of normal sodium 
hydroxide, and by treating 2,5-dihydroxy-terephthalic ester with sodium 
amalgam. The dry acid breaks down into two molecules of carbon dioxide 
and cyclohexane-1,4-dione (p. 112) when heated to 200® (Baeyer, Ber. 22. 
2168). 

Succino-succinic diethyl ester, m.p. 126® {dimethyl ester m.p. 162®) 
is produced by the action of K, Na, NaOEt, K-acetate, NH3, or McaNH 
upon succinic ester, or upon y-chloro- or y-bromo-acetoacetic ester {Herr¬ 
mann, Ann. 211, 306; Mewes, ib. 246, 74) and also by the action of silver 
cyanide on iodo-acetoacetic ester {Schonbrodt, Ann. 258, 182) and by 
the reduction of 2,6-dihydroxy-terephthalic ester with zinc and HCl {Baeyer, 
Ber. 19, 432; Sommelet, Bull. 29 (1921), 402). Its preparation from succinic 
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alkyl esters is improved by adding the corresponding acetic ester {Lieber- 
mann, Ann. 404, 272). 

Succino-succinic ester behaves very much like phloroglucinol. It shows 
many of the reactions of a ketone, as if it had this structure and were cyclo- 
hexadione-2,6-carboxylic ester (I), but on the other hand it also behaves 
as a phenol, as if it were 2,6-dihydroxy-dihydro-terephthalic ester (II) 
{Baeyer, Ber. 24, 2692) 

/CO—CH^v 

I. CaHgOgC CH/ ^CH-COAHs 

^CHg—CQ/ 

,C(0H)-CH2. 

II. .Cf >C.COAHb . 

^CHg—C(OH)<^ 


To account for its extraordinary stability Hantzsch (Ber. 48, 772) suggested 
that its formula should be written as that of a “rigid cis-dienol”, a 1,4-dihydro- 
dihydroxy-terephthalic ester, the hydroxyl and ester groups entering into 
hydrogen-bond formation ; 


H 

6 


/OR 


RO 




The ester crystallises in pale-green triclinic prisms or colourless needles. 
It is insoluble in water, dissolves with difficulty in ether and very readily 
in alcohol; the solution shows a bright blue fluorescence, and is coloured 
cherry red by FeClg. It dissolves in alkalies with a yellow colour, two hydrogen 
atoms being replaced by the alkali metal. It does not combine with phenyl 
isocyanate, whereas the structurally similar 2-cyclohexanone-carboxylic ester 
.CHa • COv XONHCeHs 

does so and forms CH 2 <^ ( Dieckmann, Ann. 317,104). 

^CHa-CHa^ \CO2R 

Succino-succinic ester gives with NHj a compound (III) which crystallises in 
white needles m.p. 178® {Kauffmann, Ber. 48, 1267; BogtrU Am. 27, 1127); 



NH 



H.r 

A/H 

^^COOR 

or 

NH 2 

Hg/SCOOR 

Rood 

IT 

jHa 

ROOCl^^Ha 

43 . 

NH 

( 111 ) 



Its reactions with primary amines have been studied by Liehermann^ 
Ann. 404, 272. 

With hydroxylamine (in alkaline or acid solution) succino-succinic ester 
is oxidised with loss of COg and jdelds quinone-dioxime-carhoxylic ester 
CeH3(N0H)8.C02Et, m.p. 174® {Jaurenaud, Ber. 22, 1283). 

With phenylhydrazine it forms a phenylhydrazine derivative ofdihydro- 
terephthalic acid {Baeyer, Ber. 24, 2687; Kishner, ib. 26, R. 690), while 
with hydrazine itself it yields hexahydro-henzo-3^4-dipyrazolone (vol. IV) 
{Rothenburg, Ber.27,472). See also dichloro-dihydro-terephthalic acid p. 143. 

If sodio-succino-succinic diethyl ester is treated with alkyl iodides, it 
yields the following compounds: 

Diethyl-succino-succlnic ester; cis, a liquid; trans, m.p. 66®. 

Di*n-propyl-succiiio-sueciiiie ester: cis, a liquid; trans, m.p. 86®. 

Bi-isopropyl-succino-succinic ester: cis, a liquid; trans^ m.p. 116®. 

Methyl-n- and methyl-isopropyl-succino-succinic ester b.p. of both,^ 
196-200®/26 mm. 


10* 
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Cycloliexane-l,4-dioiie-2,3-dicarboxyIic methyl ester m.p. 55-57^ is a 
1,2 isomer of succino-succinic ester, prepared from quinone + HCN, by 
hydrolysing, esterifying and reducing the 3,6-dihydroxy-phthalic ester 
obtained {Helferich, Ber. 54, 166): 

O 

II H 

H2r^Y<300CH3 H/S-COOCH, 

h1 Lh hI J-COOCH, • 

J ^COOCHa Xh 

p-Bichloro-quinone-dicarboxylic ester C802Cl2(C02Et)2 m.p. 196® forms 
greenish-yellow crystals {Boniger, Ber. 21, 1761). On reduction with zinc 
dust and AcOH it is converted into: 

p-Dichloro-quinol-dicarboxylic ester C8H202Cl2(C02Et)2, which crystallises 
in two different forms— colourless needles and yellow-green plates {Hantzsch, 
Ber. 20, 2796; Boniger, Ber. 21, 1769; Goldschmidt, ib. 23, 260). A similar 
behaviour is shown by dibromo- and di-iodo-quinol-dicarboxylic esters 
{Guinchard, Ber. 32, 1742): see also the two forms of 2,6-dihydroxy- 
terephthalic ester (vol. III). 

p-Dihydroxy-quinone-dicarboxylie ester C 602 ( 0 H) 2 (C 02 Et) 2 , m.p. 151®, can 
be prepared by shaking dichloro-quinol-dicarboxylic ester with sodium 
hydroxide, and by the action of nitrous acid upon dihydroxy-terephthalic 
ester {Loewy, Ber. 19,2386). It crystallises in pale-yellow leaflets and intensely 
greenish-yellow prisms {Hantzsch, Ber. 20, 1307). It has an acid reaction 
and forms salts with two equivalents of the metals. It does not form a dioxime 
with hydroxylamine, but a hydroxylamine salt, and with phenylhydrazine 
a phenylhydrazine salt {Boniger, Ber. 22, 1290). Furthermore, it does not 
react with phenyl isocyanate {Guinchard, Ber. 23, 265). Boiling hydro¬ 
chloric acid decomposes the ester into carbon dioxide and dihydroxy-quinone. 
When reduced with SO 2 , the ester takes up two H-atoms and gives: 

Tetrahydroxy-tcrephthalic ester Ce( 0 H) 4 (C 02 Et 2 ), or dihydroxy-dihydro- 
quinone-carboxylic ester C 0 H 2 (O 2 )(OH) 2 (CO 2 Et) 2 , which crystallises in golden- 
yellow leaflets, m.p. 178® {Hantzsch, Ber. 20, 2798). Its alkaline solution 
is oxidised on exposure to the air (giving up two hydrogen atoms) to di- 
hydroxy-quinone-dicarboxylic ester, and it gives therefore the same products 
with hydroxylamine and phenylhydrazine {Boniger, Ber. 22, 1291). It 
forms a tetracarbanilido derivative {Goldschmidt, Ber. 23, 267) with four 
molecules of phenyl isocyanate. 

,CO—CH(C02Et). 

Phloroglucinol-dicarboxyllc ester CH 2 <; >CO, m.p. 104®, 

\CO—CHCCOaEt)/ 

is formed by the condensation of three molecules sodio-malonic acid 
ester by heating to 120—145®, when EtOH and COj are eliminated; acetone 
tricarboxylic ester is an intermediate product; it is also formed by 
condensation of acetone-dicarboxylic ester and malonic ester with NaOEt 
{Rimini, Gazz. 26, II, 374; Leuchs, Ber. 41, 4171). It behaves like succino- 
succinic ester, dissolving without change in alkalies, and gives a cherry- 
red colour with ferric chloride. With acetic anhydride it forms a triacetyl 
derivative, with hydroxylamine a trioxime {Bally, Ber. 21, 1766), and with 
phenyl isocyanate a tricarbanilido-derivative {Dieckmann, Ber. 37, 4637). 
When fused with caustic potash it gives phloroglucinol. 

(C) Cyclohexane-tricarboxylic Acids 

To this group belong the dicarboxy-dibydroxyphenyl-acetic esters 

/CO-C(C02R)x 

RO-C’CH^ ^CCH-COjR, which are condensation products 

\C0- CH/ 
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of acetone-dicarboxylic ester (Dootson, J. 77, 1196), and the analogous 
dicarboxy-dihydro-hydroxy-phenylacetie ester 
yCK : C(COaEt)^ 


EtOoC-CH 




'N 


\co--— ch/ 


CH-CHj-COjEt, 


m.p. 82®, obtained by condensing glutaconio ester by means of sodium 
ethoxide free from alcohol (v. Pechmann^ Ber. 87, 2113). 

/C(COOH) = CH. /CH 3 

Methyl-dihydro-trimeslnic acid CH 4 >CC is formed 


:/ \cooH 


^C(COOH)—CH/ 

from pyruvic acid by heating with sodium hydroxide. The acid is the 
intermediate product of the synthesis of uvitic acid from pyruvic acid. 
On heating with concentrated sulphuric acid it splits off CO 2 and 2 H, and 
passes smoothly into uvitic acid; on melting it gives, together with uvitic acid, 
dihydro-uvitic acid CgH 5 (CH 3 )(COOH) 2 , m.p. 236®, and several tetrahydro-uvitic 
acids. When it is reduced with Na amalgam methyl-tctrahydro-trimcsinic 
acid CeH 3 (CH 3 )(COOH) 3 , m.p. 221® decomp, is formed {Wolff, Ann. 306,126). 


(D) Cyclohexano-tetracarboxylic Acids 

Acids with two carboxyl groups attached to the same carbon atom have 
been obtained synthetically by the action of trimethylene bromide upon the 
disodium compound of methylene-dimalonic ester, and also by the action 
of methylene iodide on disodio-trimethylene-dimalonic ester: cyclohexane 
1,1,3,3-totracarboxylic ester is obtained from n-butane-tctracarboxylic ester 
with ethylene bromide {Perkin jun.): 


"\f 


.CHj-CNa(COjCjH6)2 


+IsCHj-^CH, 


CHj-C(COAHj), 


/ 

“\cHj-C(COAH5)2^ 


‘^^ 2 + 2 NaI. 


''CHj-CNa(C02C2H5)2 

For cyclohexane-1,1,4,4-tctracarboxylic ester {Perkin) see pages 20 and 141. 

1,1,8,3-Cyclohexane-tetracarboxylic acid loses CO 2 at 220® and decom¬ 
poses into a mixture of cis and trans hexahydro-isophthalic acids {Perkin, 
J. 69, 798, 990). 

1 , 2,854 -Cyclohcxane-tetracarboxyiic acid, hexahydro-mello'phanic acid, 
m.p. (with 1 mol. HgO) ca. 168®, is obtained from the condensation product 
of mucic ester and maleic anhydride by hydrogenation and hydrolysis 
{Parmer, Warren, J. 1929, 897). 


(E) Cyclohoxane-hexacarboxylic Acids 
The two forms of cyclohexano-l,2,8,4,6,6-hexacarboxylic acid or hydro- 
mellitic acid CeH 3 (COOH)e belong to this group. When an ammoniacal 
solution of benzene-hexacarboxylic acid, mellitic acid (vol. Ill), is treated 
with sodium amalgam, an unstable hexahydro-acid is obtained as a syrup 
which crystallines indistinctly. This acid, when heated in a sealed tube with 
cone. HCl at 180®, is converted into the stable iso-hydromellitic acid, which 
crystallises in prisms. Both acids decompose on heating. From the Ag salt 
of iso-mellitic acid a Me-ester has been prepared by means of Mel, m.p. 125® 
{Baeyer, Ann. Suppl. 7, 16). 


n. POLYNUCLEAR ALICYCLIC COMPOUNDS 

BY ADOLF BUTENANDT AND KARL NIEDERLANDER 
This class comprises: 

1. Compounds in which the rings are united directly: 
B>CH—CH<B and those in which a chain separates 
the rings: R > CH • [CHg]„ • CH < R 
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2. Spiranes, in which one carbon is common to two rings: 
R>C<R 


3. Condensed Ring Systems in which two ring 

/CH. 

common to both rings: R<^ | • 


members are 


4. Bridged Ring Systems, also called meso- or endo-methylene, 
meso- or endo-ethylene etc., compounds, in which two carbo- 
cyclic systems share three, or in some cases more than three 
^CH— 

carbon atoms: R (CHaln R. 

\6h-/ 


While the spiranes are exclusively synthetic products, represen¬ 
tatives of the first class (see Carotenoids), of condensed ring systems 
and of endo-methylene compounds are frequently met with in nature 
(see Terpenes, and Naturally Occurring Substances). 


1. RINGS DIRECTLY UNITED OR SEPARATED BY A CHAIN 


Apart from one representative of the dicyclopentyl series which is 
found in petroleum, members of this class of compounds have only 
been met among the fat-soluble polyene dyes (lipochromes), which 
contain an unsaturated hydrocarbon chain carrying at each end a 
ring of the ionone type. 

Synthetically these polynuclear compounds are obtained by the 
following general methods: 


1. Application of Wurtz^B method {Meiser, Bcr. 32, 2064; Zelinsky, ib. 
66, 1422). 

2. Reduction of cyclic ketones to pinacols, followed by elimination 
of water and hydrogenation, gives compounds in which the rings are 
directly united {Zelinsky, Ber. 62, 2180); Oodchot, C. r. 186, 767; 
Ruzicka, Helv. 14, 1319), 

3. Internal condensation of the same ketones by means of NaOCgHg, CaHg 
{Wallach, Ann. 389, 169; Tahoury, C. r. 169, 62; Oodchot, ib. 174, 618). 

4. The reaction between cyclanones and Grignard compounds of cyclic 
halides {Bedos, Bull. 39 (1926), 473). 

6. Dicyclohexyl compounds, in particular, are obtained by the catalytic 
reduction of the corresponding aromatic derivatives (diphenyl, di- 
phenyl-methane etc.) 

For alterations in the carbon skeletons, which sometimes take place 
in the course of chemical reactions (pinacolin transformation, reduction 
with HI and P etc.), see ring transitions p. 11. 

The methods for determining the constitution, the chief reactions, and the 
physiological action of carotenoids, are discussed in the section dealing with 
Natural Colouring Matters p. 407. 

The conventions used in the nomenclature and the numbering of the 
carbon atoms will be found in Richter-Stelzner vol. Ill, 1914/1916, e.g. 


V no 


3 2 ' 


Jr. 1 


Cyclopropylidene-cyclopentane 


«’<( )>—CH,—CH,— 

6 ' 6 ' 6 6 
a, j5-Dicyclohexyl-ethane 
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DICYCLOPROPANE DERIVATIVES 

Cyclopropyl-cyclopropane-2,2, 3 - 2 ' 92 % 3 '-hexacarboxylic acid CigHioOia m.p. 
197®, decomposes at the melting point into the 2,3—2',3' tetracarboxylic 
acid CjoHioOe m.p. 106—107®. The methyl eatery m.p. 148®, of the first acid 
is formed from a, a'-dichloro-muconic ester with Na-malonic ester {Farmer^ 
J. 123, 3332). 


DICYCLOPENTANE DERIVATIVES 


Dicyclopentyl, CgHg—C 5 H 9 , b.p. 188—189*6®/744 mm., is obtained from 
cyclopentyl bromide with Na {Meiaer, Ber. 32, 2064) or from cyclopentyl- 
cyclopentanone hydrazone with KOH {Zelinaky, C. 1931 I 1098). 

3,3'-DimetliyI-dlcyclopentyI, b.p. 213—214® occurs in petroleum and is 
formed when carbazole (vol. IV) is treated with HI and P, possibly with 
intermediate formation of dicyclohexyl {Schmidt^ Ber. 45, 1779). 

Cyclopcntyl-cyclopcntanol-2, CjoHigO, cis form m.p. 28®, b.p. 236—236®, 
•phenylureihane m.p. 88—89®, trans compound b.p. 117—118®/! 2 mm., is 
obtained from 2 -cyclopentyl- or 2 -cyclopentylidonc-cyclopentanone, and also 
as a by-product in the reduction of cyclopentanone (p. 66 ) {Wallach, Ann. 
389, 169; Godchot, C. r. 153, 1010; Zelinaky, Ber. 62, 2180; C. 1931 I 1098). 
The trans form is converted into ^®-octalin (p. 173) by treatment with 
ZnClg at 140®; the cis form yields, in addition, a small amount of a hydro¬ 
carbon presumably identical with cyclopentyl-cyclopentene -1 {nitroaochloride 
m.p. Ill®) {Zelinaky, Ber. 59, 2680; Huckel^ Ann. 477, 131). 

l,l'-Dihydroxy-dicyclopontyl, C 5 Hg(OH)*C 5 Hg(OH), the pinacol of cyclo¬ 
pentanone, m.p. 107—108®, is obtained from the latter by reduction with 
Na and moist ether. When the compound is treated with dilute sulphuric 
acid, the carbon skeleton rearranges with the loss of wa ter a nd formation of 

^ I (Zelinaky, Ber. 

\—I 62, 2180). 


cyclopentane-spiro-cyclohexane- 2 -one (p. 160) 


Cyclopentyl-cyclopcntanone-2 CioHjgO, b.p. 232—233®, smells like menthol 
and is obtained from cyclopentylidcne-cyclopentanone (p. 66 ) by catalytic 
reduction, or as a by-product in the same treatment of cyclopentanone. On 
further reduction with Na -|- alcohol it yields cyclopentyl-cyclopentanol-2 
(cf. above), and on oxidation (5-cyclopentyl-(5-keto-n-valeric acid {Wallachy 
Ann. 389, 169). Cyclopentylideue-cyclopentanono-2 C,oHi 40 b.p. 117-119®/ 
12 mm. {oxime m.p. 128®) is prepared by auto-condensation of cyclo¬ 
pentanone with NaOCgHg or with CaHg {Wallach, Ber. 29, 2963; Ann. 
fe9, 179; Tdboury, C. r. 169, 62). When the compound is ethylated with 
EtI and Na, the semicyclic double bond migrates into the ring, and 
^^-cyclopontenyl-l-ethyl-cyclopentanone -2 is formed; isopropylidene-cyclo- 
pentanone shows a similar behaviour (p. 67) {Kon, J. 1926, 3101). 

a, /?-Dicyclopeiityl-ethane C 12 H 22 , b.p. 206-207®, is prepared by Wuriz' 
method from sodium and cyclopentyl-methyl-iodide, which is available 
from cyclopontyl-magnesium chloride and trihydroxy-methylene through 
cyclopentenyl-methanolf b.p. 162—163® {Zelinaky, Ber. 66 , 1422). 


CYCLOPENTYL-CYCLOHEXANE DERIVATIVES 

2-Methyl-cyclopentyl-cyclohexane C 12 H 22 , b.p. 226—227® can be synthesised 
from methyl-cyclopentanone and cyclohexyl magnesium bromide with the 
intermediate steps: l-cyclohexyU2-methylcyclopentanol C 12 H 22 O, b.p. 119®/ 
8 mm. and 2-methyhcyclopentenyl-cyclohexane Oi 2 H 2 o> b.p. 228—230® {Zelinaky, 
C. 1933 II 1673). 

/d^-Cyclopentenyl-cyclohexyl-methane is formed by eliminating water 
from trans cyclohexyl-cyclohexanol-2, m.p. 62®, by means of ZnCl 2 . Its 
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constitution is established by ozonisation and subsequent Beckmann rearrange¬ 
ment of the isomeric oximes; this gives glutaric acid and hexahydro- 
benzylamine from one isomer and amino-butyric acid and cyclohexyl-acetic 
acid from the other {Hiickel, Ann. 477, 106). 

DICYCLOHEXANE DERIVATIVES 

Dlcyclohexyl CgHn'CeHn, b.p. 227-228® has been prepared; ( 1 ) by 
catalytic hydrogenation of diphenyl, ( 2 ) from cyclohexyl-cyclohexanol -2 
or -4 and ZnClj through the corresponding dicyclo-hexenes C 12 H 20 , ^-P- 



234® and -3, b.p. 237®) and subsequent hydrogenation, (3) from cyclohoxyl- 
cyclohexanol-2 with HI, and (4) from iodo-cyclohexane with sodium {Wallachf 
Ber. 40, 70; Schrautk^ Ber. 56, 1900; Huckel, Ann. 477, 106; Zelinsky, 
C. 1933 IT 167 4). The position of the double bond in dicyclohexene-l has been 
established by the Beckmann rearrangement of the oxime of the ozonisation 
product; cyclohexyl amine, adipic acid, hexahydro-henzoic acid and d-amino- 
valeric acid are produced {Huckel, 1. c.). 

Cyclohexylidene-cyclohcxane C 12 H 20 , b.p. 236—237®, has been prepared 
by reducing cyclohexylidene-cyclohexanone, the condensation product of 
cyclohexanone {Zelinsky, C. lfe3 II 1673). 

^i.i'-Di-cyclohexcnyl CjaHig, b.p. 120—126®/15 mm., is formed from 
cyclohexanone-pinacol with dilute H 2 SO 4 {Wallach, Ann. 381, 112). 

The partially hydrogenated diphenyls in which one benzene ring is intact, 
and which are systematically related to the dicyclohexano derivatives are 
discussed in vol. III. 

Cyclohexyl-cyclohexanol-2, eis form m.p. 63®, is obtained from cyclohexcne 
oxide and cyclohoxyl-Mg chloride {phenylurethane m.p. 122 ®); the trans form, 
m.p. 62®, can be prepared ( 1 ) from cyclohcxanol with solid KOH, b.p. 
136—138®/13 mm. (phenylurethane m.p. 114®), dicyclohexyl-cyclohexanol m.p. 
124® being a by-product (Bedos, Bull. 39 (1926), 473), (2) from o-cyclohexyl- 
phenol and o-hydroxy-diphenyl by catalytic hydrogenation with Pt 02 
(Hiickel, 1. c.), (3) by catalytic reduction of cyclohexylidone-cyclohexanone 
in the presence of Ni -|- MgO (Brit. Pat. 397,883). 

Cyclohexyl-cyclohexanol-4, cis form m.p. 105®, trans form m.p. 84®, is 
prepared similarly by reduction of the corresponding aromatic p compounds. 

l,l'-Dihydroxy-dicyclohexyl C 12 H 22 O 2 , m.p. 130®, is the ]:»inacol of cyclo¬ 
hexanone, from which it is prepared by reduction with sodium. The isomeric 
4,4'-dihydroxy-dicyclohexyl m.p. 204—207®, has been obtained from 4,4'- 
^hydroxy-diphenyl with hydrogen and nickel at 200 ® and 100 atm. pressure 
(Zelinsky, Ber. 84, 2801; WaMeland, Am. 66 , 4234). 

Cyclohexylidene-cyclohcxanone CeHjo : CeHgO, b.p. 274-276®, semicarhaz- 
one m.p. 190®, is the condensation product formed when cyclohexanone is 
treated with HCl in ether, and is the starting material for a number of 
derivatives containing this ring system, such as cyclohexyl-cyclohexanol, 
cyclohexylidene-cyclohexane, dicyclohexene and dicyclohexyl (Zelinsky, 
0. 1933 II 1674). 

3,8'-Diketo-dicyclohexyls, diketo-perhydro-diphenyls, are obtained from 
J®-cyclohexenones by reduction with sodium amalgam in acid solution. 

Dicarvelone CjoHgoOj, m.p. 149®, from carvoxime (Wallach, Ann. 279, 379; 
806, 223). 

Diethyl dicyclohexyl-2,2'-dicarboxylate C 18 H 30 O 4 , cis form b.p. 166-168®/ 
1-2 mm., trans form m.p. 84-86®, is obtained from diphenic diethyl ester by 
catalytic reduction with Ni at 200® and 100—160 atm. ( Waldeland, Am.66,4234). 

a, ^-2,6,6-Trimethyl-dicyclohexenyl-J^-ethane, di-p-cyclogeranyl C 20 H 34 , 
m.p. Ill®, was found to be the product of the attempted preparation of the 
Chrignard compound from d-cyclogeraniol bromide with Mg in ether (Kuhn, 
Ber. 67, 357), 
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Among the representatives of chain-linked dicyclohexanes, several natural 
carotenoids should be mentioned; these will be treated in detail in the chapter 
devoted to polyene bodies (p. 407). Up to the present the following compounds 
have been found in nature: the hydrocarbons a- and p-carotene O 4 OH 50 , the 
polyene alcohols cryptomnthin luteiriy zeaxanthin ^4oR66^2» 

Jlavoxanthin C 4 QH 54 O 3 , violaxanthin, taraxanthin C 40 H 54 O 4 , fucoxanthin 
C 4 oH 540 e and the diketonc rhodoxanthin C 40 HB 0 O 2 . The carbon frame of 
those compounds is 



DICYCLOHEPTANE DERIVATIVES 


Dicycloheptyl, disuheryl C 7 H, 3 *C 7 Hj 3 , b.p. 290®, has been made by Wuriz* 
method from cycloheptyl bromide. 

^'-Dicycloheptenyl C 7 H,i-C 7 Hii, b.p. 149-160®/19 mm., is prepared 
from the pinacol of suberonc (cf. next para.) by boiling with dilute H 2 SO 4 
or with aqueous oxalic acid, together with a spiro compound (p. 160) {Oodchoty 
C. r. 186, 767). 

Cycloheptyl-cyclohcptanol, b.p. 158—161®/20 mm., allophanate, m.p. 185® 
from cycloheptylidene-cyclohcptanono (cf. below) with Na -f alcohol, and 
l,l'-dihydroxy-dicycloheptyl, the pinacol of suberone, m.p. 78®, by reduction 
of that ketone {Oodchot, C. r. 174, 618; 186, 767). 

Cycloheptylidene-cycloheptanone-2, b.p. 143—145®/8 mm., from suberone 
with CaHa {Oodchot, 1 . c.). 

Eucarvone on autoxidation or if heated with ILOa gives trimethyl-oxido- 
cycloheptylidene-trimethyl-oxido-cycloheptenone ( 52 oH 2 e 03 , of which two 
isomeric forms are known, m.p. 215® and m.p. 217®; semicarbazones, m.p. 266® 
and m.p. 254®: 


HC—0 CH 3 

/\1/ /\l 

HC C 0=C CH 




DICYCLO-OCTANE DERIVATIVES 

Dlcyclo-octyl CigHgo, b.p. ca, 140®, can bo obtained by hydrogenation 
with Pt in acetic acid of A^'^’-dicyclo-octenyl CijHae,' m.p. 37®, b.p. 
115-116®/0*25 mm., which is prepared from cyclo-octanone pinacol C 14 H 30 O 2 , 
m.p. 94®, with oxalic acid {Ruzickay Helv. 14, 1319; Godchoty C. r. 185, 1202). 


2. SPIRANES 

(The name is derived from Latin spira, a coil or twist; Baeyery 
Ber. 33, 3771.) 

The smallest bicyclic system of this kind is allene 
which has been described among the olefins (1,114). Increasing the 
number of ring members one arrives first at the methylene-cyclo¬ 
paraffin series, R>C=CH 2 , rings with a semicyclic double linkage. 
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the representatives of which have been described under the various 
ring systems. Finally, one arrives at the spiranes R > C < R. 
Molecular Asymmetry of Spiranes. Spiro compounds which corre¬ 


spond to the allene type \c=C=C<^ , and in fact all compounds of 


b/-\d’ 


the general formula are asymmetric in 

structure, since they have neither a centre nor a plane of symmetry. 
Hence they can be resolved into optically active components. The 
same is true for compounds of the above formula where c = a and 
d —b, and compounds of this type have been resolved (see Mills 
&nd Noddalc, J. 117, 1407; 119, 2097; Kohler, Walker and TiscMer, 
Am. 67, 1743; Maitland and Mills, J. 1936, 987). 


^(CH2)2' 


The cyclopropane-spiro-cyclohexane system is distinguished, from the 
other spirane systems, by its ease of formation and stability. The bromo- 
lactone I of a 6-meraborod ring yields with alkali almost nothing but the 
cyclopropane-spiro-cyclohexane compound II, while with the corresponding 
6 - and 7-memberod ring derivatives the formation of the hydroxylactonio 


acid III predominates: 



OH 

1 

OH 

/CHBr-CO 

<CH. i 

1 

—^^C.COOH 
—^^CH-COOH 

/CH—C 

i 

\CH—C 
1 

COOH 


COOH 

I 

II 

III 


The equilibrium between spirocyclic hydroxy-cyclopropano-l,2-dicarb- 
oxylic acids and corresponding a-keto-glutaric acids lies very much on the 
side of the spirane compound when R is a six-membered ring: 

COOH 

I 

/C-OH /CO-COOH 

R<(| R<( 

\CH • COOH \CH2 • COOH 

Cyclohexane-spiro-cyclopropane-l,2-dicarboxylic acid resists the action 
of concentrated HCl, but the spirane compounds of the 6- and 7-rings arc 
disrupted. The same is true of the resistance to alkali of cyclohexane- 
spirocyclopropane-dicyano-dicarboxylic imide: 

CN 



CN 


General Methods of Formation. 

(1) Spirocyclic compounds can be obtained by Wurtz' reaction from 
cyclic dihalogen derivatives and also from cyclic halogenated fatty acids, 
cyclic a-bromolactonic esters, etc. as in the syntheses of cycloparaffins: 
H,Cv /CHjBr Na HjCv ^CH, 

— HjXia, 

Spiropentane 
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R>0 




CHBr--CO 


KOH 


^CH 

J, 


/CH—COOH 

R>C<i 

\C-COOH . 


OOH 


in 


(2) Internal condensations of esters by Dieckrmnn's method, and con¬ 
densations with oxalic, malonic, succinic, etc. esters can also be used: 


/CHj.COOR 

^CHjs-COOR 


o 


x/^-Vco 


COOR 

I 




NaCH(COOR), /C—CH-COOR 

-.R>C/| 


Cyclohexane-spiro-oyolobutanone 
COOR COOR COOR 

I I I 

CH, ROOC . .CH—CO /CBr 

|->X I :R>< 

ROOC i/\CH—CO \CH ''C— CO 

I ■ I I I 

COOR COOR COOR COOR 

(3) Cyclanones react with cyanacetic ester forming cyclic dicyano- 
dicarboxylic imides which are converted by ring closure into spirocyclane 
derivatives, according to the scheme: 

CN 

I Hv /COOH 

»CH*COOH cond. /CH'CO oond. with CHT-T. y'Cv 


R>c/| 

^CH-COOH hydroi 


R>C<^ 


CHCO 
CN 


>NH 


R>c/"\CH, 

decomp. 


H 




COOH 


(4) Condensation of cyclic acid chlorides by AIQ 3 , quinoline etc. can be 
used in isolated cases: 


A 

\ ’ 


A. 


1 II II I 


Cl-CO'^ 


''v II I 

Njo-ci'^^" 


^/\co/ \co/\/ 

Bis-hydrindone-spirane. 

(5) A special method which should be noticed consists of the pinacolin 
transformation of cyclic pinacols. Both 9,10-octalin-diol and the pinacol 
resulting from cyclopentanone yield cyclopentane-spirocyclohexanone under 
the influence of acids: 


CH,—CHj 


\>xx 2 ——CH, CH,—CHjv /CH,—CH,v 

I I -^1 >c< >CH, 

CH,—CH,/ I I^CH,—CH, CH,—CH,/ ^CO-CH,/ 


OH OH 




The position of substituents in spirane compounds can be indicated in a 
rational system by numbering consecutively the carbon atoms to which 
substituents can be attached, beginning with the smaller ring, e.g. 

CO CH,—CH.COOH 

2 /\ 9 / \6 

H,C C CH 

\/ \ 

CH, CH,—CH 
345 

Cyclobutane-l-one-spiro-J*-cyclohexene-7-carboxylic acid 
or 8piro-[3, 6]-J*-nonene-l-one-7-oarboxylio acid 
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The square brackets indicate the number of ring-members united to the 
spiro carbon atom. 

THE SPIR0-[2,21-PENTANE SYSTEM 
The simplest representative of the spirane class, spiro-[2,2]-pentano 

( 1 ) ( 4 ) 

HgCv (5) ✓CH 2 

( 2 ) ( 3 ) 

(spiro-dicyclopropane) CgHg, b.p. 40®, has been prepared from pent- 
erythritol-tetrabromohydrin by heating with Zn and EtOH {Ov^tavsoUf 
J. pr. 64, 97; C. r. 123, 242; Fecht, Ber. 40, 3884. The synthesis in steps 
from penterythritol through the dibromides 
BrCH^v^^^CH^OH zn 

BrCHj^ \cHjOH 
establishes its constitution beyond doubt {Zelinsky, Ber. 46, 160). On 
oxidation with permanganate the hydrocarbon gives a cyclic glycol C 5 H(,(OH) 2 . 
A dibromide CgHgBrg is also known and a xp-nitrosite CsHgOgNg, m.p. 145®, 
which is colourless at ordinary temperature, but deep blue when molten 
or in solution. The 8piro-[2,2]-pentane ring is opened by KCN and hydrolysis 
gives cyclopropane-1-carhozylic-lfp-propionic acid C 7 H 10 O 4 , m.p. 162®. 


CH2V /CHgBr 

I X 

CH 2 / \CH 2 Br 


1 6 5 

C 7 yC—C 

1 >C< I THE SPIRO-[2,4]-HEPTANE SYSTEM 

C/ \C —0 

2 3 4 

Cyclopontane-spiro-cyclopropane-l,2-dicarboxylic acid, CgHia 04 , trans 
form m.p. 211® {dianilide m.p. 289®) is obtained from ethyl a,a'-dibromo- 
cyclopentane-1,1-diacetate with KOH-f EtOH, and from cyclopentanono 
by the cyanacetic ester method: 


Hj Ha 

HjO-Cv /CHBr-COOEtKonHaC— CV .CH-COOH dec 

I ^ I I - 

HaC—0/ ^CHBr-COOEt HaC—C/ ^OH-COOH 

Ha Ha 


H 

HaC-C‘ 


Xu. 


The cis form, m.p. 170® {anilic acid m.p. 191—192®) can be obtained through 
the non-crystalline anhydride of the trans acid {Becker, Birch, Thorpe, 
J. 117, 1679; 121, 1821). 

Cyclopentane-spiro-l-hydroxycyclopropane-l,2-dicarboxylic acid, cis form, 
m.p. 163®, is obtained from cyciopentane-l,l-a,a-dibromo-diacetic acid by 
ring closure with KjCOg in MeOH. In solution the acid reaches equilibrium 
with the corresponding monocyclic ketonic acid, m.p. 112® {Lanfear, Thorpe, 
J. 128, 1683): 

OH 


Ha I Ha 

HaC--Cv^^^C*COOH _^ HaO-Cv^^^CO-COOH 

h,c-c/^\(!;h.cooh ■* E *cooh‘ 

Ha Ha 


Cyclopropane-spiro-cyclopentane-3,6-dione-4,5-dicarboxylic acid CaHgOg, 

m.p. 161®, has been made by the following steps; 


CHaBr HjCs .COOR H,0—COOR NaNH, HjCv .CO—CH • COOH 

I Na^C{COOR)a-^ I >C< , + I \\c( \ 

CHaBr ^COOR HaO-COOR HaC^ ^CO—CH-COOH 
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Potassium hydroxide decomposes the compound back to cyclopropane 
dicarboxylic acid and succinic acid {Radulescu, Ber. 42, 2770; 44, 1018). 

Cyclopentane-spiro-methylcyelopropane-l,2-co,a)-tetracarboxylic acid, 
ester CsoHsoOg, b.p. 246-263®/!! mm., is obtained from cyclopentane-1,l-a,a- 
dibromo-diacotic ester with sodiomalonic ester {Ingold, Lanfear, Thorpe, 
J. 128, 3147): 

COOR 


Ha 

HaC—^CHBr-COOR NaCH(COOR), 

HjC~c/ \cHBr.COOR 
Ha 


Ha I 

/C-CH(COOR)a 

Ha I 

COOR 


1,2 - Bicarboxy - cyclopropane - 8,2' - spiro - trans -hexahydrohydrindene, 
Ci 3 Hi 804 , cis m.p. 226®, trans m.p. 262®, can bo synthesised by the following 
general method {Kandiah, J. 1981, 962): 


through the 

y\ /\ nw nnnTT inonobromo 
/ \ yUMa-LUUn derivative 

'\CH,-C00H koh ' 


COOH 
COOH + 
H 


COOH 


/\/\. // 

COOH 



THE SPIRO-[2,5]-OCTANE SYSTEM 


€yclohexane-8piro-cyclopropane-l,2-dicarboxyllc acid CioHi 404 see Bosley, 
J. 107, 1080. 

5-Methyl-cyclohexane-spiro-cyclopropane-l,2-dicarboxylic acid ^iiHie04, 
cis form m.p. 165®, trans form m.p. 212 ®, can be made by the cyanacetic 
eater method {Desai, J. 1982, 1047). The stability of cyclohexane-spiro- 
cyclopropane is much reduced by the introduction of the methyl substituent, 
so that the dicyano-imide is easily decomposed by KOH to a,/?-dicyano- 
l-hydroxy-3-methyl-cyclohexyl-succinic acid m.p. 212® {Birch, Thorpe, J.121, 
1821). 

Of trans decaila-j?,l-spiro-cyclopropane-2,8-dicarboxylic acid C 14 H 20 O 4 four 
isomeric forms are theoretically possible; three of them have been isolated 
{Boo, J. 1980, 1162): 


COOH 


H 



m.p. 264® trans-Forms m.p. 260® 


COOH H 



m.p. 186® cis-Forms not isolated 
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|\c/ I THE SPIRO-[2,6]-NONANE SYSTEM 

C/ \c—c—c 

2 3 4 6 

Cycloheptaiie-8piro-cyclopropane-l,2-dicarboxylic acid C 11 HJ 6 O 4 , trans 
form. m.p. 236®, is prepared by condensation of cycloheptanone with two 
molecules of cyanacetic ester to cycloheptane-diacetic acid and ring closure 
of its monobromo ester {Bakery Ingold, J. 128, 122). 

1 6 

THE SPIRO-[3,3]-H£PTANE SYSTEM 

3 4 

Spiro-dicyc]obutane-2,5-dicarboxylic acid, m.p. 212 ®, 

.CH,. .CH,. 

HOOC-CH< >C< >CH.COOH 

\CH/ ^CH/ 

and Spiro-dicyclobutane-2,2,5,5-tetracarboxylic acid, m.p. 219®, 

(H00C)2-C< >C< >C(C00H)2 

\ch/ \ch/ 

can be obtained from penterythritol tetrabromohydnn (I, 660) and malonic 
ester with amyl-alcoholic sodium hydroxide {Fecht, Ber. 40, 3383). The 
tetracarboxylic acid loses CO 2 on melting and gives the dicarboxylio acid. 
The latter has been resolved by means of its brucine salt, [ao] {Becker, 
Rec. 50, 921). 


1 7 6 

THE SPIRO-[3,41. OCTANE SYSTEM 

3 4 6 



Cyclopentane-spiro-cyclobutano- 1493 , 8 -tetracarboxylic acid CigHiiOg, m.p. 
190®, has been prepared from cyclopentanone and cyanacetic ester. The 
dicyano-imide first formed is converted into its sodium compound, treated 
with methylene iodide and finally hydrolysed {Paul, J. Ind. Ch. Soc. 8 
(1931), 717). 

Hicampho-cyclobutadionc is known in two stereo-isomeric forms and 
can be prepared from camphor-carboxylic chloride and quinoline {Staudtnger, 
Ber. 53, 1110): 



and 



m.p. 162-163® 


m.p. 160-161®. 


21 8 7 

THE SPIR0-[4,4]-N0NANE SYSTEM 

34 6 6 

2-Methyl-cyclopentane-spiTO-cyclopeiitane-5,7-dione, CioHi 402 , m.p. 101®, 
is formed by condensation of l-acetyl-3-methyl-cyclopentane-l-acetic ester 
by means of NaOEt {Dickens, Kon, Thor'pe, J. 121, 1496). 


C—C 


,C—C 
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CyclopentaDe-spiro-cyclopentane-S-one-l-carboxylic acid, O10H14O3, m.p. 
74®, is obtained from the condensation product of ethyl cyclopentane- 
spiro-methyl-cyclopropane-tetracarboxylate (p. 157) by hydrolysis, decarb¬ 
oxylation and reduction with sodium amalgam {Ingdld, Lanfear, Thorpe^ 
J. 123, 3147): 


C~C, 


V-r—V^v. yV- 


COOR 

,O-CH.C00R 

, I 

C—CO 

I 

COOR 


C-C 


COOH 
C-CH- 




COOH 

! 

C—Cv yCH—CHa 


Ketonic acid CioHigOg, m.p. 217®. 

2-Methyl-cyclopentane-spiro-6,7-diketo-cyclopcntanc-5,S-dicarboxylic acid, 

dimethyl ester C14H18O8, m.p. 126®, is the condensation product of 3-methyl- 
cyclopentane-1,1-diacetic ester and dimethyl oxalate {Desaif J. 1982, 1047). 

Cyclopentane-8,4-dione-l,j5-8piro-tran8-bexaliydro-hydrindene (I) 
m.p.lll®, and its isomer, the corresponding 2,4-diono (II) m.p. 190®, were 
prepared by the following methods {Kandiahy J. 1931, 952): 

COOH COOR T 

/\ in. 

/\CH, 


\/\/ 


ROOC NaOEt 

Rooi 


/\/\ 


[H \/ 


lOOE 


COCl 


/\/\ /CH- 


-CO 

I 

-CO 


hydr. 

-^ 

—2 CO, 


.CHa—CO 


COOK 


\/ 




CH.—COOR 


+ MeZnIi^N'^\ 

_-^l jj|H 


\ 


CO—CH3 NaOEt 




ri 


,CO —CH, 


\cH,—bo 


Bis-hydrindone-spfrane Ci^HiaOg, m.p. 174® {oxime m.p. 216®), from 
dibenzyl-malonic chloride with AICI3 (cf. general methods of synthesis p. 155), 
is a 1,3-diketone, and hence undergoes reversible decomposition into a 


ketonic acid 


142® {Leuchs, Ber. 45, 189; 46, 2420): 


II ^ II I 

CO / \ CO / \/ 


CH,, 


alkali 




.CH. 


CH. 


*\/\ 


'^/^COOH \cO 


The isomeric xylylene-diketo-hydrindene, m.p. 160®, is a yellow compound 
prepared from diketo-hydrindene and o-xylylene dibromide {Fechty Ber. 40, 
3883): 



Xylylene-fluorene CgiHig, m.p. 220®, is a condensation product of fluorene 
and o-xylylene dibromide (id. ib.): 
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2 1 9 8 

C—Cv 10 /C-Cv 7 

I THE SPIRO-[4,6]-DECANE SYSTEM 

8 4 6 6 

Cyclopentane-spiro-cyclohexane, m.p. 186-186°, is obtained from the 
hydrazone of cyclopentane-spiro-cyclohexanono -6 by treatment with KOH 
{Zelinsky, Ber. 62, 2180). 

€yclopeiitane-spiro-cycloliexaiione-5, CioHuO, b.p. 226-227° {oxime m.p. 
66—60°), is prepared from dicyclopentyl-l,l'-diol {Meiser, Ber. 32, 2066), or 
from 9,10-octalin-diol by the action of HaS 04 {Huckel, Ann. 474, 121; Clemo, 
J. 1982,1778). Its formula has been given in the section dealing with general 
methods of preparation (p. 166). Its constitution has been established by 
oxidation with HNO 3 cyclopentane-1-carboxylic-1-butyric acid CioHie 04 

{Meiser, 1. c.). 

2 -Methyl-cyclopeiitane-spiro-cycloliexandione- 6,89 CnHigO^, m.p. 128 °, has 

been synthesised by two methods, both starting from 6-ring derivatives: 


CH 3 




CK 


C~-C. /CHa—CO. 

.U>^ \CH. 


CHa—COOR jv;, 


'aon 


{Desai, J. Ind. Ch. Soc. 10, 267) 






C—Cv^^yCHj—COCl CH,ZnI 
CHa-O-c/ \CH,—COOR 


HjC -CH.. .CH,- -CO. 

I X >H.- 

CHa-CH-CH,/ \CH,—CO/ 


C-C. /CH,-CO. 

I >C< ^CHa-^.-e 

CHj.C—C/ \CH,-COOR 


€ycloliexane-8,5-dione-l,^-spiro-trans-hexahydrohydrin<lene, C„H,„0„ 
ra.p. 199°, can be prepared by the action of MeZnI on trans hexahydro- 
hydrindene-diacetic-ester-chlorido and subsequent condensation by means 
of NaOEt {Kandiah, J. 1931, 962). 


C—0-C. 14 /O—O-Cv 10 


THE SPmO-l6,7]-TETRADECANE SYSTEM 


Cyclolieptane-spiio-cyclo-octanone-7, C 14 H 24 O, m.p. 72°, is formed by ring 
enlargement from l,l'-dihydroxy-dicycloheptyl (p. 163) on boiling with 
dilute H 2 SO 4 or with aqueous oxalic acid {Qodchot, C. r. 186, 767). 


3, CONDENSED CYCLIC SYSTEMS 

Condensed saturated ring systems occur in a certain number of 
natural products, such as the bicyclic terpenes and the sterol deriva¬ 
tives, etc., which are discussed in later sections. This section deals 
mainly with the compounds containing condensed rings which have 
been prepared by synthetical methods. Such methods are similar 
in principle to those used for preparing simple monocyclic com¬ 
pounds, and the more important are; 

Application of the Wurtz synthesis to cyclic dibromides. 

Elimination of hydrogen halide from cyclic monohalides. 

Condensation of cyclic dicarboxylio esters by Dieckmann's 
method. 
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Formation of ketones from cyclic dicarboxylic acids. 

Condensation of cyclic olefins by means of acids. 

Interaction of diazo compounds and cyclic unsaturated 
compounds. 

Application of the diene synthesis of Diels and Alder. 

The nomenclature used can be explained by the example of decalin, 
which according to Baeyer's rules is called bicyclo-[0,4,4]-decane, the 
first figure 0 denoting the number of bridging carbons, and the two 
following figures 4,4 showing the number of ring members united to 
the bridge. Where unequal rings are condensed together, as in cyclo- 
pentano-cyclohexane, the numbering begins with the smaller ring 
and ends with the two carbons which are common to both rings: 


1 7 



The stereochemistry of this group is especially interesting (see 
TAnsteady Ann. Rep. Chem. Soc. 1935, 32 , 305: Mills, Diet, of 
Applied Chemistry, Supplement 1936 , Vol. II, 433; W. Huckel, Der 
gegenwartige Stand der Spannungstheorie, 1928). To take the 
decalin system of two condensed six-membered rings as an example, 
it is known that each separate ring can exist in a multiplanar 
strainless configuration, and hence there is the possibility that two 
such rings can be united in two ways, in one of which cis valencies 
are involved and in the other trans valencies. The actual existence 
of such isomers was first established by W. Huckel, who obtained 
the isomeric decalins. The formulae of these compounds can be 
written as: 



cis trans 


Here the plain hexagons imply cyclohexane, and not benzene, rings, 
and the valencies at the ring junction are carrying hydrogen atoms 
and show whether cis or trans valencies are involved in the linking 
between the rings. There is the same possibility whenever two 
saturated rings are condensed, but the strain which is set up as a 
result of the two methods of linking is different according to the 
number of atoms in the rings; with the smaller rings there must 
clearly be a deformation of each single ring from its least strained 
configuration for trans linking to take place, while with the larger 
rings no such deformation is needed. By simple calculation and 
the use of models (see MillSy loc. cit.), the strain involved in the 
various combinations of rings can be estimated on the assumption 
that the greater the departures from the tetrahedral angles the 
greater the strain. The results so predicted for five and six mem- 
bered rings are as follows. 

(1) Two five-membered rings can be fused by cis valencies to give 
a strain-free rigid structure of two inclined planar rings, while fusion 
by trans valencies should give a strained multiplanar structure in 
which the strain is about the same as in the bicyclo-[l,2,2]-heptane 
system that occurs in camphor. 

Bichter-Anschatz ii. 


11 



162 


CONDENSED CYCLIC SYSTEMS 


(II) Two six-membered rings can be joined either by cis or trans 
valencies to give strainless multiplanar systems. 

(III) A five-ring can be joined to a six-ring by cis valencies to 
give a strainless system in which the five-ring is flat and the six-ring 
is of the boat shape. With trans valencies a strained multiplanar 
structure results in which the strain is about half that in the trans 
linking of two five-rings. 

These predictions, on the whole, are verified by the actual measure¬ 
ments of the energy content of the isomeric compounds which have 
been obtained. The most accurate method so far used for measuring 
this is by the heats of combustion, a higher heat corresponding to 
a greater energy content and hence a more strained system. The 
following table of typical results gives the heat of combustion in 
k.cal. per mole of liquid at constant volume. 


Substance 


Ac 


oa 


Decalin 

/3-Decalone 

Hydrindane 


P -Hy drindanone I 

Bicyclo-[0,3,3] /" 


octane 


V 


■\ 


/J-Bicycio- 
octanone \ 




Cis 

form 

Trans 

from 

Biff. 

trans-cis 

1499-9 

1496-2 

— 4-7 

1402-3 

1400-1 

— 2-2 

1347-6 

1346-7 

— 1-8 

1245 

1243-9 

— 1-1 

1197-7 

1203-8 

+ 6-1 

1094-1 

1100-9 

+ 6-9 


lief. 


b, c 


(a) Rothf Ann. 441, 48; (b) W. Hiickel ot al., Ann. 518,166; (c) W, Hiickel, 
Friedrich, Ann. 461, 132; (d) Barrett, Linstead, J. 1936, 611; (e) Idem, 
J. 1986, 436. 

The divergences from the predictions are that the cis hydrindane 
system is slightly more strained than the trans, the opposite to the 
effect expected, and that in the decalin system the trans form has less 
energy than the cis, though both forms should be strainless. These 
facts must be due to other effects which come into play and are not 
included in the simple strain theory. 

The configurations of the isomers in the three ring systems shown 
in the table above have been established quite rigorously. For the 
decalin and bicyclo-octane series this has been done by oxidising 
the /^-ketones to carboxy-acetic acids of cyclohexane and cyclo¬ 
pentane respectively; the two isomeric ketones give isomeric acids» 
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and in each series one of these acids has been resolved into its optical 
antimers. These active acids must be trans acids, and hence the 
configurations of the ketones follow (W. Hiickel et al., Ann. 618, 166; 
Barrett, lAnatead, J. 1936, 1069). 


CO^H 

\ 



resolved CHa-COgH 

In the hydrindane series the evidence comes from the reduction 
of the /3-hydrindanones; the trans ketone should give one racemic 
trans hydrindanol, while the cis ketone should give two isomeric 
meso cis hydrindanols. These isomers have been isolated {W. Hiickel, 
Friedrich, Ann. 461, 132). 


yv" 




3 

1 /Cv 2 

c<^|\c THE BICYCLO-[0,1,11-BUTANE SYSTEM 

4 

1-Methyl -bicycle- [0,1,1 ] -butane-2,8,4-tricarboxylic acids (S-methyl-cyclo- 
propano-cyclopropane-l,2,4-tricarboxylic acids). Condensed systems of two 
cyclopropane rings have been obtained starting from ethenyl-triacetic ester 
CH3*C(CH2COOCaH5)3 (I) by the bromination of two H-atoms in the a-position 
and eliminating two HBr. Three stereo-isomers are formed (II, III, IV): 

I 

.CHaCOOR 
CH 3 C—CHaCOOR 
\)H,COOE 

II III 



rac. form, m.p. 66® 


meso-cis-form, m.p. 164® 
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Bromination of the meso-cis or of the meso-trans acid and elimination of 
HBr results in the tetracyclic acid (V) m.p. 149®. For the nomenclature 
of these ring systems see Beesley, Thorpe, Ingold, J. 117, 691. 


6 2 
j Q_Q 

C<^^| THE BIC¥CLO-[0,1^1-PENTANE SYSTEM 

4 3 

The ring combination of cyclopropane and cyclobutane seems sometimes 
to be able to react in a tautomeric monocyclic form 

c <□ ■ 

While the three-membered ring formula is suggested by the formation 
of caronie acid as an oxidation product of certain diTivatives of this system 
{Farmer, Ingold, J. 117, 1362), the optical evidence and many of the chemical 
properties indicate the cyclopentenc structure {Toivonen, C. 1927 II 1248). 
Important decomposition reactions of this ring system have been mentioned in 
the sections on cyclopcntene derivatives (p. 49) and on spiranes (p. 159). The 
ring system is obtained both by condensing substituted dibromoglutaric 
acids with malonic ester and also by condensing cyclopropane-dicarboxylic 
acids with cyanacetic ester (Oosa, J. 1928, 1268). 

l,l-Bimethyl-cyclopropano-cyclobutane-3-one-2,4,6-tricarboxylic ester (I) 
or l,l‘dimethyl-A^-cyclopentene-4-one-2,S,5-tricarhoxyhc eater (II) {Firkin, 
Ber. 36, 2126; Radvleacu, Ber. 42, 2770) is formed by condensation of a, a^- 
dibromo-/?-dimethyl-glutaric ester with Na-nialonic ester, a dimethyl-cyclo¬ 
propane dicarboxylic-malonic ester being an intermediate product. The 
methylation product obtained by treatment with Mel, 1,1,5-trimethyl-Zl^- 
cyclopentene-4-one-2,3,6-tricarboxylic ester, must be a derivative of II, 
because the compound obtained by hydrogenation is converted by decar¬ 
boxylation and oxidation with KMn04 into the kctonic acid (III); by further 
degradation by means of HOCl the latter gives a, a-dimethyltricarballyhc 
acid. Furthermore, reduction of the hydrogenation product yields first 
6-keto-camphoric acid and then camphoric acid (p. 304) {Toivonen, ibid.): 

COOR COOR COOH 

/<!^-CH.C00B /C=^=CC00R ,(JH—CH, 

Me,C< I I I Me,C< II • MejC/ III j 

\0—CO \CH—CO \CO COOH 


1 2 

3 (>_C. 3 


THE BICYCLO-[0,1,3]-HEXANE SYSTEM 


This ring system is found in a few natural terpenic compounds. It has been 
synthesised from cyclopropane derivatives, from cyclopentane derivatives 
and also from hydroaromatic compounds. The bridge linkage is easily 
broken both by hydration and by dehydration, hydroaromatic compounds 
being formed in the one case, and aromatic in the other. Oxidation and 
reduction give cyclopentane derivatives by opening of the 3-ring and cyclo¬ 
propane derivatives by breaking of the 6-ring (cf. Terpenes). 

Bicyclo-[ 09 l 53 J-hexanc, cyclopropano-cyclopcntano, b.p. 80-81®, is formed 
from l-bromo-cyclopentyl-2-methyl bromide by action of Zn and alcohol 
{Zelinsky, Bull. 36 (1924), 484), and also from cyclopentylmothyl iodide by 
elimination of hydrogen iodide {Zelinsky, Ber. 66, 1422). 
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Another example of the condensed three- and five-ring system is S^S-di- 
methy]-bicyclo-[0,1,8]-hexane, cyclopropano-8,B-dimethyl-cyclopeiitane b.p. 
115®, which can be synthesised from dimethyl-dihydroresorcinol (p. 112) 
via the corresponding dibromide (id., Ber. 46, 1466). 

Br. ^ ^^CH, 

\_/\cH3 \_/\ch3 ^ /\CH, ■ 

4-Methyl-l-isopropyl-bicyclo-[0,l,8J-liexane, sabinane, thujane, is of im¬ 
portance as the parent hydrocarbon of sabinene, a-thujene, the terpene 
alcohols sabinol, thujyl alcohol and the ketones thujone and umbellulone 
(cf. Terpenes). Its constitution is 

y—\ 

ch3-< ch<; 

\CH3 

The ring system can be built up synthetically by Dieckmann's method, for 
example, thujone from a-thujaketonic a,cid (Buzicf^y Helv. 15, 944; see p. 243). 
The system can rearrange into an unsaturated 6-ring (carvotanacetone) 
or into an unsaturated 6-ring (isothujone) cf. p. 244. Copaene (p. 332) and 
ledum-camphor (p. 336) arc derived from the bicyclo-[0,l,3]-hexane skeleton 
unitcid to another 6-ring. 


12 3 

7 C-C-C 

C< I I THE BICYCtO-[0,1,41-HEPTANE SYSTEM 

\a_c-_c 

6 5 4 

8 - Methyl - bicyclo - [0,1,4] - heptane {''octanaphthylene' ’), cyclopropano-l - 
m.ei1iyl-cycl6hexane^ CgHi4, b.p. 118—121®, smcdls like a terpene. It is obtained 
from the “octanaphthene” occurring in Bibi-Eibat naphtha by preparing 
ehloro-octa-naphthenc, heating this with Caig and treating the resulting 
iodide with moist silver oxide {Markovnikov, Bcr. 18, R. 186; 80, 1219) or 
with zinc dust in benzene {Joukovsky, Bull. 16 (1896), 127). 

This ring system is found in the carane group (p. 246), which com¬ 
prises the carenes, naturally occurring hydrocarbons, and the compounds 
carone and carane which are synthetical products. 

The parent substance of this group is the hydrocarbon: 


HaO—CHj—CH. 


which because of its relation to carene is called norcarane. The ring system 
can be synthesised by a general method, which consists in heating diazo- 
acetic ester (1 468) with benzene or its derivatives [Buchner, Ber. 88, 3463; 
84, 982; 86, 3602; 37, 931; see p. 21) 


CH-CH—CH 
CH=CH—CH 


+ NaCH-COaEt 


CH=CH—CH, 


\ 


CH 


=CH— 


CHOOjEt+N, 


.^-’*-Norcaradiene-7-carboxylic ethyl ester, A^^^-hicyclo-[0,lA^'heptadiene- 
7-carhoxyUc ethyl ester, cyclopropano-A^**-cyclohexadiene-7-carhoxylic ethyl 
ester, xp-phenylacetic ester, CjH5>CHC02Et is obtained by heating benzene 
and diazo-acetic ester under pressure to 136—140®. The ester, b.p. 108®/ 
13 mm., gives a cherry-red colour with cone. H2SO4 which changes to 
indigo blue, and is partially converted into ^-cycloheptatriene carboxylic 
ester; with ammonia it forms a crystalline amide, m.p. 141®, which is hydro¬ 
lysed by sulphuric acid to the free acid, an oil at room temperature. The 
acid gives with bromine a dibromide, m.p. 160® decomp., and a tetrabromide. 
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m.p. 236® decomp. Its oxidation with permanganate is complicated: benzoic 
acid, o- and p-phthalic acids and, by breaking the 6-ring, cyclopropane 
tricarboxylic acid are formed. Heating the ester under pressure transforms 
it into )8-cycloheptatriene carboxylic ester (p. 73), and boiling the ester or 
the amide with alkali gives a-cycloheptatriene carboxylic acid (the cyclo¬ 
propane ring splitting between 1 and 6). Cone, sulphuric acid converts the 
amide into phenyl-acetamide CgHsCHgCONHg (the cyclopropane ring splitting 
between 1 and 7). Cf. the analogous reactions of carone p. 248. 

^-8-Methyl-norcaradiene carboxylic ester, xp-tolylacetic ester CH3-CeH5> 
CHCOjEt, b.p. 122—126®/12 mm., from toluene and diazoacetic ester, amide 
m.p. 131®, yields p-tolylacetic acid when boiled with 30% sulphuric acid, 
and is converted into methyl-cycloheptatriene carboxylic acid, m.p. 108®, 
by prolonged shaking with ammonia followed by hydrolysis with 30% H2SO4. 

3,5-Dimethyl-norcaradiene carboxylic ester, \p-xylylacetic ester (CH3)2CeH4 > 
CHCOjEt, b.p. 125—135®/10 mm., from m-xyleno and diazo-acetic ester; 
amide, m.p. 142®, yields 2,4-xylylacotic acid with H2SO4 {Buchner, Ann. 858, 1). 

l,7.Norcarane dicarboxylic ester CgHgOCO CeHa > CH COOEt, b.p. 
160®/18 mm. from zl^-tetrahydrobenzoic ester (p. 131) with diazo-acetic 
ester. The acid, m.p. 163®, yields an anhydride m.p. 87®. 

C H - - CH 

Benznorcaradiene carboxylic ester | * ^ | NcHC02Et, b. p. 163-164®/ 

CH=CH—CH/ 

11 mm., from naphthalene (vol. Ill) with diazo-acetic ester, gives an acid m.p. 
166®, amide m.p. 217®. Oxidation produces carhoxy-phenyl-cyclopropane 
HOOC-CeH4.CH. 

dicarboxylic acid 1 \CHCO2H, which is further degraded 

HOOCCH/ 

to cyclopropane-1,2,3-tricarboxylic acid (p. 33). 

12 3 

THE BICTCLO-IO,1,5J-OCTANE SYSTEM 

7 6 5 

Blcyclo-[0,l,5J-octene, cyclopropano-cycloheptene, CgHi2» b.p. 137—139®, 
has a high refractive index, and an odour resembling that of tropilidone. 
It is formed, together with cyclo-octadiene-1,5, by distilling granatanin- 
trimethyl-ammonium hydroxide: 

(>-^C--€ 

(Lc-0%-N(CH,),. OH 

The bromides are fractionated and the hydrocarbon is regenerated with 
quinoline {Willstdtter, Ber. 40, 967; Harries, Ber. 41, 672). Permanganate 
oxidises it to a hydroxyketone CgHigOg {semicarhazone decomp. 261®), ozone 
gives a mono-ozonide C8Hi203. Catalytic hydrogenation by the method of 
Sabatier and Senderens gives the saturated: 

Bicyclo-[0,l,5]-octane, cyclopropano-cycloheptane C8H14, b.p. 139-6 
—140-6®, the bicyclic character of which is confirmed by its molecular re¬ 
fraction {Willstatter, Ber. 41, 1486). 

2 16 

C—c—c 

1 1 1 THE BICYCLO-[0,2,21-HEXANE SYSTEM 

c—c-c 

3 4 6 

An attempt to prepare the parent hydrocarbon of this ring system, 
bicyclo-[0,2,2]-hexane (cyclobutano-cyclobutane) by treating cis 1,4-dibromo- 
cyclohexane with metallic sodium in abs. amyl ether {Zelinsky, Bor. 60, 1102) 
resulted in a mixture of J^»®-cyclohexadiene, cyclohexene and cyolo- 
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hexane. The value of the parachor of the product shows that a bicyclic 
system is not formed {Prjaahnikov, Ber. 67, 64). ’-Cyclohexadiene is also 
formed from trans 1,4-dibromo-cyclohexane under the same conditions. 

Tricyclo-octane, dimethyl-tricyclo-octane and diphenyl-tricyclo-octane. 
The di-alkylene carboxylic acids, vinyl-acrylic acid, sorbic acid and styryl- 
acrylic acid, polymerise when heated with Ba(OH)2, with loss of CO*. 
The hydrocarbons so obtained are regarded as tricyclo-octanes, though the 
evidence is not entirely satisfactory (Doebner, Ber. 40, 146). 

Tricyclo-octane, CgHig, b.p. 60—52®/27 mm. {Perkin, Ber. 86,21 34; Will- 
stutter, Ber. 38, 1976): 


HjC—CH—CH—CH^ 
H.^!—in—(liH—dlH, ‘ 


17 6 

2^0—C—c^6 .pjiji b1CTCLO-[0^%31-OCTANE system 

_ q/ (Pentalane System) 

8 8 4 

In this group the cis compounds are more stable than the trans, 
as has been mentioned above, and this is a valuable confirmation 
of the strain theory for such systems. No compounds containing 
this ring system are known to occur in nature, but they can be 
synthesized by the ordinary methods. 

A series of compounds obtained by Willstdtter from the alkaloid 
V-pelletierine (Ber. 41, 1485) was formerly allotted to this group, 
and a saturated hydrocarbon he prepared, which is identical with 
one synthesized by Schroeter (Ann. 426,1), was held to be the parent 
substance of the class. The synthesis, however, affords no proof of 
the structure and it is probable that the bridge is in another position. 


Bicyclo-[0,8,8J-octaiie, cyclopentano-cyclopenUine; the cis form, b.p. 136®/ 
766 mm., 1*4629, dj® 0*8718, is obtained by the reduction of cis- 
/3-bicyclo-octanone or of the corresponding a-ketone, either by Clcmmensen’s 
method or by that of Wolff {Linstead, J. 1984, 946, 966). When heated 
with AICI3 (id., J. 1986, 611), it rearranges into bicyclo-[l,2,3]-octane. 





which has been synthesized by Komppa (Ann. 521, 242). 


The trans form, b.p. 132®/766 mm., m.p. —30®, n^jJ 1*4626, dj® 0*8626, is 
obtained in the same way from trans jff-bicyclo-octanone {Linstead, J. 1985, 442). 

a-Bicyclo-[0,8,8]-octanone, 72®/12 mm., semicarbazone m.p. 181®, only 
exists in the cis form because the position of the CO group adjacent to 
the bridge head facilitates the rearrangement of the strained trans form 
into the more stable cis form. The ketone is obtained when either cis or 
trans 2-carboxylcyclopentane-propionic acid is heated with a trace of baryta, 
and also by the Dieckmann condensation of the diethyl esters of these acids, 
followed by hydrolysis of the ketonic ester {Linstead, J. 1984, 946). 


< 


1 —COaH . 


> 

/— 

L-CHo-COoH”” 


1_/ 

\_1 


-CO 


\CH. 


COoEt. 


The ^-ketone is known in both cis and trans forms, the configurations 
of which have been established by oxidation to the 2-carboxy-cyclopentane- 
acetic acids whose configurations are known. 

/?-Bicyclo-[0,8,81-octanone; the cis form, 196®/766 mm., 78®/10 mm., 
m.p. —28®, semicarvazone m.p. 198®, is obtained by distilling cis cyclopentane- 
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1,2-diacetic acid with baryta at 280®, and also by hydrolysis of the ketonic 
ester, b.p. 136®/17 mm., obtained by treating the ester of the same acid 
with molecular sodium {Linstead, J. 1934, 944). The ketone is oxidised by 
HNOs to cis 2-carboxy-cyclopentane-acetic acid (p. 67). The trans form, 
b.p. 189®/765 mm., 62®/10 mm., m.p. 18®, semicarbazone m.p. 261®, is ob¬ 
tained by heating trans cyclopentane-l,2-diacetic acid with baryta to 340®. 
Dieckmann condensation of the ester of this acid does not take place because 
of ring strain. The ketone is oxidised to trans 2-carboxy-cyclopontane- 
acetic acid (p. 67). The trans diacetic acid can be resolved, its configuration 
being thus established, and if the i,acid is heated, the dextrorotatory ketone 
is formed, m.p. 41®, [a]^® 437®. This gives an inactive bicydo-octane when 
reduced {Linstead, J. 1936, 1069). 

Bicyclo-[0,3,3J-octane-l,4-dlon€, m.p. 46®, dihenzylidene compound m.p. 
240®, has been synthesized by the Dieckmann condensation (Na in benzene) 
of hexane-1,3,4,6-tetracarboxylic ester; double ring closure takes place. 
The product, bicyclo~octane-l,4-dione-2,5-dicarboxylic ester m.p. 67*6®, is 
hydrolysed with loss of COg- 


EtOgCs^ 

EtOgG—CHa GH -CHa 

I 1 I 

CHa—CH HaO-COaEt 
"^COaEt 

CO 



CO 



With amyl formate a 2,6-dihydroxy-methyIene compound is formed, which 
is oxidised by ozone to butane-l,2,3,4-tetracarboxylic acid {Razicka, 
Helv. 17, 183). 

Attempts to dehydrogenate the bicyclo-[0,3,3J-octane system to an 
unsaturated ring, using selenium, were unsuccessful, and the ring system 
is also stable to hydrogenation {Linstead, J. 1936, 611). The product obtained 
by the continued action of AlClg on decalin is probably 1,4-dimethyl-bicyclo- 
[0,3,3]-octano {Id. ibid. 616). 

A mixture of stereoisomeric forms of bicyclo-[0,3,3\-octane-l-one-3' 
carboxylic acid has been obtained by Bardhan and Banerji (J. 1936, 474). 


1 8 7 « 

2^a-C-C—G bICTCI-O-[0,8,41.NONANE ststem 

\C—C—C_C (Hydrindane System) 

3 0 4 5 

Bicyclo- [0,354 1 -nonane {hydHndane), cydopentano-cyclohexane, CaHig, 
b.p. 163—164®, obtained by catalytic hydrogenation of hydrindene with Ni 
(Eijknmn, Chem. Weekbl. 1, 7; 3, 663; 4, 41). It can also be obtained from 
carboxy-cyclohexane-propionic acid and cyclohexane-diacetic acid by ring 
synthesis, a- and /^^-hydrindanone being intermediates. 

The 5-ring can be linked to the fi-ring both by cis and trans 
valencies. The stereo-chemistry of this ring combination is illustrated 
by the following diagrams, which represent the relations of the 
three possible isomeric /^-hydrindanols to cis and trans )5-hydrin- 
danone. The evidence for the configuration shown comes from the 
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methods of formation, the degradation to carboxylic acids of the 
cyclohexane series of known configuration, and the resolution of 
the trans compounds into optical antimers {Huckel, Ann. 451, 132; 
Linsteady J. 1936 , 1069): 


ci8-/?-Hydrindanols 



Phenylurethano m.p. 103® Phenylurethane m.p. 82® 
2 Meso forms 

t 



^-Indanone cis-/3-Hydrlndanone m.p. + 10® 







- „ COOH 

I H 

^ COOH 


cis-Cyclohexane-1 -acotic- 
2-carboxylic acid m.p. 146® 


'f H 

cis-Cyclohexanc-diacetic acid 
m.p. 161® 



dMraa8-/?-Hydrindanol m.p. +17® 



Phenylurethane m.p. 114®; racemic form, can be resolved 

t 



tTan8-/9-Hydrindanono m.p. —12® 






Cj 


^CH 
H 


2^ COOH 


COOH 
trans Cyclohexane-1- 
acetic-2-carboxylic 
acid m.p. 167® 


H 


^ H 




CH, 


COOH 


.COOH 


dZ-trans Cyclohexane-diacetic acid 
m.p. 167®. Racemic form, resolved 
into d-and Z-, m.p. 148—160® 
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Cis and trans cyclohexane-l-acetic-2-carboxylic acids are prepared by 
reducing homophthalic acid. Cis and trans cyclohexane-diacetic acids 
are obtained from cis-)?-decalol, m.p. 106®, and trans-/?-decalol, m.p. 76®, resp. 
and by the hydrogenation of o-phenylene-diacetic acid. 

In the a-series, where the CO group is next to one of the carbon atoms 
common to both rings, interconversion of the cis and trans isomers takes 
place much more readily, the intermediate being presumably the enolic 
form. Ring closure of both the cis and trans forms of 2-car boxy-cyclo¬ 
hexane-propionic acid, and also the Dieckmann condensation of their 
esters, gives the same mixture of the two stereoisomers, in which the cis 
form greatly predominates {W. Huckel et al., Ann. 618, 156). A number 
of hydrindanones substituted in the six-ring are also known {W. Huckel^ 
Ber. 67, 2104, 2107; Unsteady J. 1934, 946). 

Hydrindane-2,2-diacetie acid, C13H20O4, occurs, like its parent substance 
jff-hydvindanone, in two stereo-isomeric forms. The cis form melts at 
188® and yields two anilic acids m.p. 184® and 180®; anil m.p. 140®. The 
trans form melts at 224®, its anilic acid at 203®, its anil at 197® {Kandiah^ 
J. 1931, 952). The synthesis starts from ^-hydrindanone, which is condensed 
with cyanacetic ester to the dicyano-imidcy cis form m.p. 262®, trans form 
m.p. 291®. 

.CH,. 

Hydrlndene C3H4<' /CH-, which contains an unchanged benzene 
ring, and its derivatives are described in the section on indene, vol. III. 

19 8 7 

THE BICTCLO-rO,S,t>]-DECANE SYSTEM 

3 10 4 5 

Cyclopenteno-cycloheptanone, hicyclo - \0ySy5'\ - A •» ^® - decenonc-4 C10H14O, 
m.p. 37®, b.p. 123®/12 mm., oxime m.p. 134®, is formed from cyclodecanedione 
CioHioOj, m.p. 101®, by intramolecular aldol condensation and subsequent 
elimination of water with acid or alkali {Huckely Ann. 474, 121; Bcr. 66, 663). 
Cyclodecanedione itself (p. 81) is obtained from ^®-octalin (p. 173) by the 
action of ozone. The molecular refraction and selective light absorption indicate 
conjugation of the double bond and the carbonyl group. The moso position 
of the double bond is proved by the formation, on hydrogenation, of the 
cis and trans isomeric forms of 

Cyclopentano-cycloheptanone, CioHjeO {oxime cis m.p. 119®, trans m.p. 
140®). Oxidation results in d-keto-sebacic acid (m.p. 116®), which proves 
that there is no side chain attached to the carbon ring. 

Cyclopentano-cycloheptene, CioHj,, b.p. 63»5®/8 mm obtained from the trans 
oxime, m.p. 140®, of the foregoing compound, by way of the amine, b.p. 
97®/10 mm, is oxidised by ozone to a dicarboxylic acid, which yields a-hy- 
drindanone {semicarhazone m.p. 183®) on distillation with acetic anhydride 
by Blanc*a method. This proves that the carbonyl in the ketone belongs 
to the seven-membered ring {Huckd and Schnitzspahn, Ann. 605, 274). 

2 19 8 7 

THE BICYCLO-[0,4,4]-DECANE SYSTEM 

C C C C (!]? fDecalin System J 

3 4 10 5 6 

The decalin carbon skeleton is frequently met with in natural 
substances, e.g. sesquiterpenes and their derivatives, santonin, 
alantolactone, etc. Industrially, decalin derivatives are made by 
hydrogenation of naphthalene and its derivatives. S 3 nithetically, 
those compounds are accessible by ring closure of the corresponding 
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hydroaromatic dicarboxylic acids (Diechmann) and by the diene 
synthesis of Diels and Alder (see quinone-butadiene-adducts, p. 175). 
A further general method is the condensation of acetyl-cyclohexenes 
with malonic ester (Ruzicka^ Helv. 14, 1151). 

The cis and trans isomers which are derived from this ring- 
system are clearly distinguished by their main physical constants. 
The rule of Auwers and Skita is confirmed (cf. decalols and decalones); 

boiling p. density refractive molecular viscosity 

index refraction 

cis series higher 0*89 1*48 neg. exaltation higher 

trans series lower 0*86 1*46 pos. exaltation lower 

By the aid of this rule it is sometimes possible to ascertain the 
stereochemical configurations of natural substances belonging to this 
system after they have been reduced to the parent hydrocarbons. Thus 
certain members of the sesquiterpene series: eudesmol (= 3-ethyl- 
5,9-dimethyl-decalin), selinene (™ 8-ethyl-9-methyl-decalin) and 
cadinene have been found to belong to the cis series (Ruzicka, Helv. 
14, 1171). The rule has also been successfully applied to compounds 
of complicated ring structure; see sterols and bile acids (p. 557). 

Decalin, decahydro-naphthalene^ is the parent hydrocarbon of 

this series. Special interest attaches to decalin and its derivatives, because 
th(;y were the first group in which W, Huckel proved the existence of cis 
and trans isomers of bicyclic ring svtems (cf. p. 161) {Huckely Bor. 56, 230; 
Ann. 441, 1; EaOy J. 1930, 1162). ^ 



cis-Form trans-Form 


Cis decaliny b.p. 193®/763 mm., m.p. — 51® {hexabromide m.p. 312®). 
Trans decalin b.p. 186®/753 mm, m.p. — 36® {hexahromide m.p. 269®), are 
prepared by catalytic hydrogenation of naphthalene. With a platinum 
catalyst cis decalin is the main product, while hydrogenation in the gas 
phase by Sabatier's method gives mainly trans decalin. The commercial 
product melts at — 106®. Other methods of preparation are the reduction 
of the decalones (p. 172) and the hydrogenation of octalins (p. 173) {IpatieVy 
Ber. 40, 1287; Willstattery ib. 46, 1475; Eisenlohry ib. 57, 1639; Zelinskyy 
ib. 62, 1658; id. Ann. 426, 13; Huckely ib. 441, 42). 

In presence of AlBrg cis decalin rearranges into trans decalin {Zelinskyy 
Ber. 62, 1668; 66, 1299). 

In addition to the ring closure of cyclohexane-l-butyric-2-carboxylic 
acid and of cyclohexane-l-propionic-2-acetic acid, which gives a- or jff-deca- 
lone, the ring system can be synthesised from acetyl-cyclohexene and malonic 
ester, via bicyclo-decanc-l,3-dione. This method has been used for preparing 
a number of homologues of decalin {Ruzickay Helv. 14, 1151): 

2- Methyl-decalin trans, b.p. 76®/12 mm. from ^-decalone by CHgMgl. 

9-Methyl-decalin trans, b.p. 70--71®/12 mm., from l-acetyl-2-raethyl-d^- 

cyclohexene and malonic ester. 

4,9-Dimethyl-decalin cis, b.p. 85®/12 mm., from l-acetyl-2,6-dimethyl- 
/1^-cyclohexeno and malonic ester; obtained also from eudesmol. 

3- £thyl-9-methyl-decalin trans, b.p. 97—98®/12 mm., from methyl-cyclo¬ 
hexene, butyryl chloride and malonic ester; cis b.p. 102®/12 mm., made 
from )3-selinene. 

8-£thyl-6,9-dlmethyl-decalin trans, b.p. 112—113^/12 mm., from 1,3-di- 
methyl-cyclohexene, butyryl chloride and malonic ester; cis b.p. 116®/12 mm, 
obtained by rearrangement of eudesmol. 
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The cis-trans isomerism of the decalin system, which was pre¬ 
dicted by JSachse and by Mohr on the ground that the cycloparaffins 
are multiplanar structures, has been established by the funda¬ 
mentally important work of W. Hiickel on decalols and decalones 
(Ann. 441, 1; 451, 109; 602, 99, 114). 

The following scheme shows the relationships in the cis and trans 
derivatives of the ^-series which establish the configurations. 


cis-j^-Decalone Rac. cis-/^-DcGalols 

CioHijO m.p. — 14®, b.p. 128®/26 mm. CioHjgO m.ps. 106 and 17® 
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/CH., 
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'\3OOH 

COOH 


cis-Cyclohexane-1,2- 
diacetic acid m.p. 161® 
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,COOH 


H - 
H- 


COOH 
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CH. 


cis-Cyclohoxane-l-propionic- 
2-carboxylic acid m.p. 103® 


trans-/9-Decalone 
m.p. -f 6®, b.p. 126®/30 mm. 


rac. trans-/^-l)ecalol8 

m.ps. 76® and 63® 
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f ^ f 1 
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L, 1 H J 



/CO2H 

1 H 1 COgH 

1 

+ 


, \<-K /CO2H 

L M V 


trans-Acid m.p. 167®, 
racemic form, resolved 
into d and /, m.p. 161® 


trans-Acid m.p. 143® 


cis-/3-Decalol8 result from hydrogenation of ac-)5-tetralol^ with Pd 
by Willstdtter^s method and from cis cyclohexane-l-acetic-2-propi()nic acid 
by treatment with acetic anhydride and reduction of the decalone formed 
{Hiickel^ Ann. 441, 14; Ber. 68, 447, 1452). Similarly, trans /?-decalols are 
obtained from ac-^-tetralol with a Ni catalyst. A further method for prepa¬ 
ring both isomers is from the corresponding aminos (id. Ann. 451, 116). 
Theory predicts eight optically active decalols and four racemic forms. 
Tnterconversion of cis and trans isomers have been observed in the a-, though 
not among /3-compounds (id. Ann. 441, 21). 

The decalols of the a-series, cis forms m.ps. 93® and 65®, trans forms 
m.ps. 63® and 49® (id. Ann. 602, 99) are converted by the action of CrO., 
into a-decalones, cis m.p. -}- 2®, trans m.p. 33®, which are further oxidised 
by HNO3 to cis and trans cyclohexane-1-propionic-2-carboxylic acids, m.p. 
103® and 143® resp., while KMn04 converts both into the same 5-keto-sebacic 
acid m.p. 116®. The number of isomers is the same as in the ^-series. 

Decalones. —Ring closure of both cis and trans cyclohexane-1-butyric- 
2-carboxylic esters gives only the trans decalone of the a-series, because 
the cis compound rearranges readily into the trans compound, the carbonyl 


^ See footnote p. 174. 
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group being next to the point of union of the rings, where there is a H-atom. 
S3aithesi8 of jff-decalones has been accomplished by ring condensation of 
corresponding cyclohexane-l-acetic-2-propionic acids. The rn.ps. are given 
above. 

For Decalyl-amincs and their isomerism, see HuckeU Ann. 441, 1; 451,109; 
602, 99. l-Nitro-decalin, see Nameihin^ Ber. 69, 370. O-Substituted decalins 
see Hilckely Ann. 602, 114. 


OctaLins (— octahydro-naphthalenes) are obtained from decalol 
by elimination of water and from decaly 1-amine by the action of 
HNOg. Six isomers are possible, which differ in the position of the 
double bond and in the spatial arrangement about the atoms joining 
the rings. 

Their heats of combustion are exactly equal, but the X-ray diagrams 
show characteristic differences. Differences of reaction velocity have been 
found in hydrogenation, the action of perbenzoic acid .and hydration. 

d^>*-Octaliii, CjoHig, b.p. 189*5—193‘5®, nitrosochloridCf a colourless com¬ 
pound, m.p. 127®, nitrol-piperididey m.p. 181®, is most conveniently prepared 
by the thermal decomposition of the xanthate of trans a-decalol, m.p. 
6.^, or by the action of HNOg on 9-amino-cis-decalin. Its constitution follows 
from the fact that on oxidation first cyclohcxanono-2-butyric acid is formed, 
and then d-keto-scbacic acid (Huckely Ann. 602, 136): 


/\/\ 


\/\/ 

®-Octalin 



Cyclohexanone-2-butyric acid 
m.p. 61® {semicarbazone 
m.p. 189®, oxime m.p. 103®) 


0 

d-Keto sebacic acid, m.p. 116® 
(semicarbazone m.p. 180®) 


H. 


2 '-' 

.i 




COOH 

in, 




Zl ^»‘COctalin is the simplest representative of a condensed ring 
system with a double bond attached to one of the branched carbon 
atoms. Its heat of combustion is normal, i.e., this position of the 
double bond at the branching implies no rise in energy content. 

Zl®*^®-Octal in (A^''^^-dicyclo}iexene) (I), m.p. —34®, b.p. 194—196®, arises 
from a- and /3-decalol by the action of KHSO 4 , naphthalene-sulphonic acid, 
or toluene-sulphonic acid; it is also obtained from trans o-cyclopentyl- 
cyclopentanol and ZnClg at 140®. The 9, 10 position of the double bond is 
indicated by the formation of a blue solid nitrosochloride m.p. 91® {Baeyei\ 
Ber. 27, 464; Ann. 379, 196 etc.), and is established beyond doubt by the 
facts, (1) that with ozone cyclodecane-dione (II) (p. 81) is obtained, which 
is further oxidised by KMn04 to ^-keto-sebacic acid (III) m.p. 116® (semi- 
carbazone, m.p. 180®), and (2) that the diol (IV) CjoHigOg, m.p. 84—92® (dt- 
acetate^ m.p. 169®) obtained by cautious oxidation, undergoes a pinacolin 
rearrangement into cyclohcxanone-spiro-cyclopentane (V), oxime m.p. 64®: 


oa 


H,S 04 





®-Octalin cis. 
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dibromide m.p. 61°, nitrosochloride, a colourless compound, m.p. 186°, is 
the main product of thermal decomposition of the xanthate of cis 
a-decalol, m.p. 93° (id. Ann. 602, 144). It is also obtained, together with 
/J**°-octalin cis, by elimination of water from cis /5-decalol, m.p. 106°, with 
KHSO 4 {Lerouxy Ann. ch. phys. 21 (1910), 468). Oxidation of the mixture 
results in cis cyclohexane-propionic-carboxylic acid and cis cyclohexane- 
diace tic acid, indicating the presence of both octalins. 
trans. 



b.p. 186°, blue liquid niirosochloridey is prepared by the exhaustive niethyl- 
ation of trans a-dccalyl-amine, m.p. —1°. Its constitution follows from the 
fact that oxidation yields trans cyclohexane-l-propionic-2-carboxylic acid, 
m.p. 143° {Huckely Ann. 602, 160). 
idl*>°-Octaliii trans. 



m.p, —21 to —24°, has been prepared from trans j5-decalol, m.p. 76°, by eli¬ 
mination of water with KHSO 4 , but is probably not a single substance. 
Oxidation yields trans cyclohexane-diacetic acid. Dibromidey m.p. 86°. 
(id. Ann. 461, 148 ; 602, 161.) 

Hexalins (hexahydro-naphthalenes).—A hexalin C10H14, b.p. 200° is formed 
when naphthalene is heated with HI and P, together with octalins and de- 
calins {Agrestiniy Gazz. 12, 496; Oraebey Ber. 16, 3032; WredeUy Ann. 187,164). 
For the formation of hexalins from dichloro-decalin by boiling with aniline 
see Borachey Ann. 484, 222. Hexahydronaphtholsy see NiahimatsUy C. 1928, 
I 2369. 


The following homologous unsaturated derivatives of the decalin ring 
system with 2 or 3 double bonds are of interest because of their occurrence 
in nature (see Sesquiterpenes p. 321): 



a- and ^-Cadinene /9-Selinene a- and j^-Eudesmol 

{Buzickay Helv. 7, 84; 14, 1132) 


Bicyclic terpenes of this kind are readily obtained when the corresponding 
aliphatic or monocyclic unsaturated compounds are treated with inorganic 
acids (Buzickay Helv. 8, 269; Ann. 468,134; TiemanUy Ber. 26, 2676), e.g. 



Nerolidol Bisabolene Zingiberene Irone Irene. 


Irene O14H20 (p. 128), ac-ly 1,2-trimethyl-ar-6-methyl-tetrahydro-naph~ 
thalene^y b.p. 119“123°/10 mm., dj° 0.936, from irone by boiling with HI and P 

^ Ac indicates substituents^ attached to the reduced alicyclic nucleus 
and ar to the unreduced aromatic nucleus. 
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{Tiemann, Ber. 26, 2676), gives 1,2,6-trimethyl-naphthalene when heated 
with Se {Ruzicka, Helv. 16, 1143). 

Butadiene-quinone adduct (I) CioHjoGj, pale yellow, m.p. 68®, can be 
reduced selectively, with enolisation of the quinone nucleus, to the hydro- 
quinone (II), m.p. 186®; this is converted into the quinone (III), m.p. 67®, 
by FeCla. With HBr-AcOH butadiene-quinone undergoes isomeric change 
into an unsaturated hydroquinone (IV), m.p. 212®, which gives the unsaturated 
yellow quinone (V), m.p. 109® on treatment with FeClg {Diels, Ber. 62, 2346): 


V IV I II III 

0 OH O H OH O 



The tetrahydro compound of the original condensation product is known 
in a cis form, m.p. 60®, and in a trans form, m.p. 122®. Their constitution 
was established by oxidation with HNOg {Alder, Ann. 501, 247), as is shown 
in the following scheme: 


.COOH 

HjC/ HOOC/ \ 

hA ^ HOOCv J 

^COOH ^ 


OH 



trans - 


COOH 

iooH 


HOOC 






A 


HOOC 


|/\/ 


Succinic acid. Adipic acid, 
anh. m.p. 121® m.p. 162® 


Oxalic trans Hexahydro- 
acid phthalic acid, 
m.p. 221®. 


Next after compounds of this type, there are the partially hydro¬ 
genated naphthalenes, in which only one nucleus of the naphthalene 
system has been reduced, while the other nucleus retains its aromatic 
character. These naphthalene derivatives are noteworthy because 
they display, in one and the same substance, the differences between 
of an aromaXic and a hydroarcmiatic or alicyclic nucleus. While 
the non-reduced nucleus has aromatic properties, the reduced ali¬ 
cyclic nucleus has those of an aliphatic compound, so that the two 
together give a compound which behaves like a homologue of benzene 
(Bamberger, Ann. 267, 1): 


Naphthalene 



and 


CH, 
iCH 
ICH 
CH, 


CH, 

CH, 

Tetralin. 


Dihydro-naphthalene J, 

These compounds will be described in the section dealing with naphtha¬ 
lene, vol. III. 


CARBOXYLIC ACIDS OF THE DECALIN SERIES 

Some members of this series occur naturally as lactones, e.g. 
santonin, the alanto-lactones, etc. 

Decalin-2-acetic-2-carboxyliG acid, CigHgoO,, cis form m.p. 170®, {anhydride 
m.p. 94®), trans form m.p. 160® {anhydride m.p. 91®), is obtained from /?-dc- 
calone-cyanhydrin and sodio-cyanacetic ester {Uiicicel, Ber. 69, 2838). 
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Decaliii- 14 -diacetic acid C,4H2204, trans acid m.p. 169® {anhydride 
m.p. 94®), from a-decalone and two molecules of cyanacetic ester. 

Decaliii-2,2-diacetic acid, cis m.p. 167®, trans m.p. 176®, by the same 
method from /5-decalone {Huckek ib.; jRoo, J. 1929, 1964). 


The natural lactones of the decalin series are described in detail in the 
section dealing with natural poisons (p. 486). This formulae are shown in 
the following summary: 

OMe 


Mc0/\0Me 


^ O— CO 




CHo 


Alantolactone 
(see p. 486) 


CO 


Me 



CO 


in (iH 


Me 


Santonin 
(see p. 488) 


Me 


Artemisin 
(see p. 490) 




Me 


H«C 


\o 


col 

I 

O 


H 


Podophyllotoxin 
(see p. 493) 


2 1 10 9 8 



3 4 11 6 9 


THE B1CYCLO-[0,4,6]-UNDECANE SYSTEM 


This system is only known in derivatives in which the six-membered ring 
is aromatic in character, i.e. derivatives of 


y\yCli2 -CH2\^ 

Benzo-cycloheptane ( || CH 2 . 


They will be discussed here because of their close relation to the preceding 
ring systems. 

(CH2—CH2V 

o-Benzo-cycloheptanone-2 CeH 4 -J >CH2, b.p. 270®, is formed 

[co- CH 2 / 

by internal condensation of <5-phenyl-valeric chloride with AlClj. The 
oxiim, m.p. 109®, is reduced to benzo-a-amino-cycloheptane, the hydro¬ 
chloride of which dissociates on heating into NH4CI and 

(CH 2 —CH2V. 

o-Benzo-/l®-cycloheptene CeH 4 { ^CHa, b.p. 234®. This latter 

lCH=-CH/ 

compound is oxidised to o-phenylene-l-butyTic-2-carboxylic acid (vol. Ill) 
{Kipping, Hunter, Proc. 19, 11; J. 83,246). Reduction of benzo-cycloheptanone 
with amalgamated zinc gives the parent hydrocarbon: 
o-Bcnzo-cyclohcptane^ b.p. 217® {Borache, Ber. 64, 174). 
o-Benzo-cycloheptaiiono-4, o-{pentanone-3-ylene)-henzene. 


rCHa—CHg. 

C2H4< >C0, m.p. 41—42®, obtained by distillation at 0*1 mm. He 

ICHa—CHa^ 

pressure of thorium o-phenylene-dipropionate, has a strong odour resembling 
that of peppermint and of bitter almonds {Kubota and Isemura, C. 1931 
IT 704). 
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Beiizo-cycloheptanedlone< 


.6,9 C.H 4 J 


[l]CO.CH,>, 

[ 23 CO.CH/ 


46® is ob¬ 


tained by ketonic hydrolysis of phthalyl-glutaric ester 

f[l]CO*CH(CO,R)v 

c«hJ 

1[2]C0.CH(C02RK 

which is prepared by condensation of phthalic ester and glutaric ester by 
means of so^um ethoxide {DieckmanUf Ber. 32, 2227). 

f[l]CH:CHv 

Benzo-cycloheptane-dienone C8H4{ /CO, m.p. 67®, is pre- 

l[2]CH: CH/ 

pared from its dicarhoxylic acid m.p. 210®. The di-ethyl ester of this acid, 
m.p. 96®, results from the condensation of o-phthalic aldehyde with acetone- 
dicarboxylic ester in presence of di-ethylamino. Homologues of benzo-cych- 
heptadienone are formed when o-phthalic aldehyde is condensed with 
methyl-ethyl-ketone, diethyl-ketone, dibenzyl-ketone, etc., together with 
acyl-hydrindones. They are reduced by sodium and alcohol to the correspond¬ 
ing henzo-cycloheptanols {Thiele^ Ann. 377, 1). 

Hydrolysis of diphenylene-2,2'-diacetaldehyde acetal does not give a 
dialdehyde, as might be expected, but ring closure takes place and 
Dibcnzo-cycloheptene-aldehyde (I) is formed. {Weitzenhocky Mo. 34,193). 
Cyano-imido-dibenzo-cycloheptane (II) is formed by the similar ring 
closure of 2,2'-dicyano-methyl-diphenyl in presence of NaOEt {Kenner^ 
J. 99, 2101): 

_ I _ _ II _ 




HIGHLY CONDENSED ALICYCLIC COMPOUNDS 



Acenaphthene-per-(dcca-)hydride, Ci^Hgo, b.p. 236—236®, is obtained from 
acenaphthene with HI and P {Lieberrmnn, Ber. 22, 781) or with H, and Ni 
{Ipatiev, Ber. 42, 2094). 




Fluorene-per-(dodeca-)hydride (I) b.p. 264-268®, is prepared from 

fluorene with HI and P {Liebermann, 1. c,;Spiegely Ber. 41, 886; Ipatiev, 1. c.). 

Hexahydro-methyl-fluorene (II) C^Hig, b.p. 128®/14 mm., is formed from 
2-benzyl-6-methyl-hexanol-l by ring closure with P^Oj ( Wallach, Ber. 29,2962). 

Blchter-Anschlitz 11. 12 
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Phenaiithrene-per-(tctradeca-)hydride C14H24, b.p. 270-275®, is obtained by 
energetic hydrogenation of phenanthrene by HI + P* It is doubtful whether 
the product is homogeneous {Liebermann, Spiegel, H. cc.; Ipatiev, Bor. 
41, 884, 1000). Partially reduced phenanthrenes are mentioned at the end 
of the section on phenanthrene (vol. III). 


H H 


H. 


Ha 


H,' 


H, 

IAh. 


\. 


X' 

k fi 


IH. 


H, 


Anthracenc-per-(tetradeca-)hydride CJ4H24, m.p. 89®, is obtained from 
anthracene by complete reduction with HI 4- P {Lucas, Ber. 21, 2510; 
Ipatiev, 1. c.). 

Partially reduced anthracenes, see anthracene, vol. III. 

Bis-butadiene-quinonc, C14H18O2, a colourless compound, is obtained by 
protracted heating of benzoquinono with an excess of butadiene in a sealed 
tube. The product itself and its tetrahydro derivative can bo converted in 
stages from the cis-cis to the trans-trans form: 


0 



(a) m.p. 155® 



(b) m.p. 186® 


II 

o 

(c) m.p. 244® 


The configurations of the compounds have been established by oxidising 
the a-form to cis hexahydro-phthalic acid m.p. 192® and adipic acid m.p. 
152®, and the b- and c-forms to trans hexahydro-phthalic acid m.p. 220® 
and adipic acid {Alder, Ann. 501, 255). 


I II III 



Tricyclo-trlmethylene-benzene (I) C^Hig m.p. 97® is obtained by the con¬ 
densation of cyclopentanone by means of gaseous HCl ( Wallach, Ber. 80,1096). 



BRIDGED RINGS 


179 


Perhydro-fliioranthene (II) CjgHae, m*p. 76®, b.p. 168—170®/12 mm. from 
fluoranthene (vol. Ill) with Ni and hydrogen (v. Braun, Ber. 68, 2610). 

Perhydro-triphenylene (III) CigHao b.p. 176-176®/7 mm. is prepared by 
condensing o-cyclohexyl-cyclohexanol with phenol and hydrogenating the 
resulting bicyclohexyl-phenol, with subsequent ring closure and reduction 
(v. Braun, Ber. 66, 2024). 




H 





Ha Ha 


Hexadecahydro-chryseno (IV), CigHag, b.p. 168®/0*6 mm. (id. Ber. 66, 883) 
is the product of complete hydrogenation of chrysene. 

The graphical formula (V) represents a complicated tetracyclic ring system 
which is contained in several groups of substances of biological importance, 
e.g. the sterols, bile acids, sex hormones, toad poisons and the vegetable 
heart poisons of the digitalis series. Cf. the sections on sterols and cholic 
acids, poisons, vitamins, hormones. The sterols and bile acids are derived 
from two hydrocarbons corresponding to formula (V), which are stereoisomeric 
in the arrangement about Cg: 

Etiocholane^ CigHgg, m.p. 80®, and allo-etiocholane^ m.p. 60®; the latter is 
identical with androstane, p. 690 {Butenandt, Z. pnysiol. Ch. 229, 190, 208). 

Hydro-piceno (VI), CgaHgg, m.p. 176®, from picene by the action of HI 
and P at 260® {Bamberger, Ber. 26, 1761). 

Trlsdecaliydro-decacyclene, C3gH4g, m.p. 216®, is formed when decacyclene 
CggHjg is catalytically reduced with nickel at a pressure of 200 atm. Oxidation 
of this hydrocarbon with cone. HNOg gives mellitic acid (v. Braun, Ber. 67, 214). 



Other condensed systems of this kind are referred to in the section dealing 
with condensed aromatic compounds in vol. III. 

4. RING SYSTEMS WITH BRIDGED MEMBERS 

The first compound which was recognised as belonging to this 
class was camphor; afterwards pinene, fenchone, santene and many 
other natural products were found to contain bridged ring systems. 
Because of their importance they are discussed in a separate chapter, 
“The Bicyclic Terpene Group” (p. 239), together with their deriva¬ 
tives and products of reaction. 

In bridged rings three or more carbons are common to two rings. 
These ring systems can be regarded as consisting of a five-, six-, or 

12* 
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seven-membered ring, etc., in which two non-adjacent carbon atoms 
(the “bridge heads”) are joined by a bridge of one, two or more carbon 
atoms (Bredt, Savelsberg, J. pr. 97,1). Bredt introduced the term 
**me8o'* for the members of the bridge (Ann. 292, 124), while Diels 
calls them ''endo'* (ib. 460, 99), Accordingly one uses the terms 
mesomethylene or endomethylene, and mesoethylene or endoethylene 
compounds, for compounds which contain one- or two-membered 
bridges. Compounds with more than two C-atoms in the bridge are 
not yet known. 

Bridged rings are also known, which contain a bridge of one C and one 
0-atom, as in 1,8-cineole, one 0-atom alone, as in 1,4-cineole, and two 0-atoms, 
as in ascaridole. Nitrogen also occurs as a bridged member, as in the tropane 
compounds (vol. IV), and has been termed meso-N by WiUstdtter, 

The following ring systems are examples of bridged rings. Of the 
many systems of nomenclature which have been suggested for these 
compounds, the names used by Bacyer^ Bredt and Diels have been 
adopted (see Beilstein, IV. Aufl., Bd. V, p. 13—14). 

Bicyclo-[1,1,2]-hexane, l^S-mesomethylene-cyclopentane. This car¬ 



bon skeleton was one time thought to exist in derivatives of camphor 
(the old camphenilone formula), but this view had to be abandoned 
later in favour of the bicyclo-[l,2,2]-heptanc system. It is questionable 
whether this ring system can exist, because of the great strain. 

Bicyclo-[1,1,3]-heptane, i,3- (or m-) mesomethylene-cyclohexaney 

Norpinane. Pinene is the most important representative of this type. 

5 4 3 

C—C—C 

/ 

7C 

I 

c—c—c 

0 12 

Bicyclo-[1,2,2]-heptane, 1,4- (or 'p-)-i7iesomethylene-cycl6hexarie, 

Norcamphane, the ring system of the camphane group. 

5 4 3 

G-C—C 

I 

7C 

c—c—c 

6 12 

Bicyclo- [2,2,2] -octane — 1,4-endoethylene-cyclohexane, Compounds 
of this group can be obtained synthetically by means of the Diels- 
Alder diene synthesis (see below). 

5 4 3 

C—C—C 

si 

ri . 

I 

. c—c-c 

6 12 
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Bicyclo - [1,2,3 -Joctane, It4-me8(methyhne~cychheptaney Homo- 
norcamphane* Compounds of this group have been obtained syn¬ 
thetically from the camphane system by ring enlargement. They 
have also been prepared by distillation of the Pb- or Ca-salts of the 
homologues of camphoric acids (see general methods of preparation). 

5 4 8 

C—C—C 

eC 8C 

7 12 

Bicyclo-[l,3,3]-nonane, l,5-mesomethylene~cyclo-octane. Compounds 
made from cyclohexenone and /S-keto-esters by Robe's method, and 
from malonic acid and aldehydes by Meerwein's method contain 
this carbon skeleton. 

6 5 4 

C—C—C 

• I I 

7C oc sC . 

I I 1 

C--C--C 

8 12 

Of the General Methods of Synthesis which give bridged rings the 
following should be mentioned: 

I. Condensation of the esters and thermal decomposition of the 
salts of cyclic 1,3-carboxylic-acetic acids or of 1,3-carboxylic-propionic 
acids with suitable substituents. Cyclobutane compounds give the 
bicyclo-[l,l,3]-heptane system, and cyclopentano derivatives the bi- 
cyclo-[l,2,2]-heptane or the bicyclo-[l,2,3]-octane system. Examples 
of this method are the syntheses of the following: pinene (Euzicka), 
camphor (Bredt-Haller; the first synthesis of this kind); fenchone 
(Ruzicka); norcamphor (Komppa); homocamphor (Lapworth). 

II. The Diels-Alder diene synthesis can lead to (a) bjeyclo-fl,2,2]- 
heptanes and also (b) bicyclo-[2,2,2]-octanes, as will be seen from the 
following examples: 

a) Cyclopentadiene is condensed with acrolein to (I), or with 
acetylene-dicarboxylic ester to (II), or dimethyl-fulvene is condensed 
with maleic anhydride to (HI). Cyclopentadiene on polymerisation 
gives (IV) and (V), and when condensed with quinone gives (VI) 
and (VII). 

b) Cyclohexadiene condenses with maleic anhydride to (VIII) and 
dimerises to (IX). Anthracene condenses with maleic anhydride to (X). 





GENERAL PROPERTIES. 


Bicyclic ring systems in which the molecule extends roughly the 
same amount in the three dimensions of space, and so has a more or 
less spherical shape, such as camphor, pineiie dibromide, bicyclo- 
pentadiene, tricyclene, are distinguished by an extr«iordinarily high 
value for the molecular lowering of the freezing point (E —- 80—80^^). 
Compounds in which the molecule is elongated, so that there is no 
approximation to spherical shape, like trieyclopentadiene, have much 
lower constants, E = 8—12® (Pirsch, Ber. 65, 662; 66, 815,1694; 67,101, 
373). The ratio of the molecular depression constant E to the molecular 
weight M has been found to be a constant characteristic for each 
ring system. The values for cyclohexanes and for bicyclo-[1,2,2]- 
heptanes e.g. are (id. Ber. 65, 1839): 


C 

0 




—C 




The strains existing in bridged cycloparaffin rings are illustrated 
by the following comparison {HuckeU Ann. 455, 123): 

Bicyclo-[l,2,2]- Bicyclo-[2,2,2]- Bicyclo-[3,2,2]- Bicyclo-[4,2,2]- 
beptane octane nonane decane 



calculated practically strain somewhat calculated 

77®22' strainless less than in 38®66' 

4-membered bridge 

Correspondingly, the heat of combustion of camphor is 8—9 kcal/mol 
higher than that of the isomeric cis-/3-decalone, which is free from 
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strain (Roth, Ber. 46, 313; Ann. 441, 48), and the heat of combustion 
of the strained bicyclo-[l,2,2]-heptane ring (tetrahydro-dicyclopenta- 
diene,. norcamphor) is 6—7 kcal/mol higher than that of the strainless 
bicyclo-[2,2,2]-octane ring (tetrahydro-dicyclohexadiene, endo- 
ethylene- cyclohexanone). 

Just as the cis forms of bicyclic hydroaromatic compounds are 
2—5 kcal/mol higher in energy content than the corresponding trans 
forms, equally so the energy content of the a-series of the compounds of 
bicyclo-[l,2,2]-heptanes (polymeric cyclopentadienes) is greater than 
this of the corresponding compounds of the )5-series by 2—3 kcal/mol. 
In bicyclo-[l,2,2]-heptenes, because of the strain caused by a bridge 
which contains only one member, the heat of hydrogenation (dicyclo- 
pentadiene, 33*2 kcal) is greater than in the straight-chain olefins 
(ethylene 32*58 kcal), the semicyclic olefins (methylene-cyclohexane, 
25 kcal), and the cyclic olefins (cyclohexene 28-59 kcal). (Alder, Ber. 67, 
613; Becker, ib. p. 627; Kistiakowsky et al.. Am. 67, 65, 876; 68, 
137, 146). 

The introduction of a carbon bridge into the ring causes a certain 
rigidity of both cis and trans deiivatives. Trans bicydo-[1,2,2]- 
heptane-dicarboxylic and trans bicyclo-[2,2,2]-octane-dicarboxylic 
acids are both unable to form anhydrides (Diels, Ann. 478, 142). 

BredVs rule (IFwZZ/ier-Festschrift Leipzig 1905; J. pr. Ch. 97, 1: 
Ann. 437, 1; Windaiis, ib. 442, 7; cf. p. 270) states that the bicyclo- 
[1,1,3]- and bicyclo-[l,2,2]-heptane compounds with a double bond 
at one of the carbons atoms forming a bridge head cannot exist. 

As to the stability of the bridged rings it should be noticed that 
the saturated bicyclo-[l,2,2]-heptanes with a cyclopentane ring are 
completely stable to catalytic dehydrogenation (Zelinsky, Ber. 66, 
1716; 66,1415), while in the bicyclo-[l,l,3]-heptanes with a cyclobutane 
ring one of the rings is opened (id. Ann. 476, 60). The former com¬ 
pounds are quite stable to heat, while bicyclo-[l,2,2]-heptene deriva¬ 
tives disintegrate into their components either when heated or treated 
with platinum catalysts: 



A different mode of thermal decomposition is found in the endo- 
ethylcne compounds obtained by oxidising the condensation products 
of quinones with cyclohexadienes. The ethylene bridge is destroyed 
and an aromatic system formed: 


O OH O 0 



The reaction is important for the determination of constitution. 
A specific reaction of the bicyclo-[l,2,2]-heptene ring system (e.g. 
(I), (II), (III), the endoxohexene system (IV) and the endomethylene- 
azine system (V) 
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consists in their ability to combine additively with azides (phenyl 
azide, benzyl azide, benzoyl azide) and diazo compounds (diazo¬ 
methane, diazo-acetic ester), dihydro-triazoles and pyrazole deriva¬ 
tives being formed (Thiele, Ann. 394, 68; Alder, ib. 484, 243; 
601, 1; Diels, ib. 490, 243). Compounds with a dimethyl-methylene 
bridge (I), cyclohexenc (II), and compounds with an ethylene bridge 
(III) are exceptions; these do not react at all, or only slowly: 


I II III 



The action of hydrogen and that of nitrosyl chloride are just as 
selective as the condensation with the above nitrogen compounds; 
oxygen, on the other hand, e.g. in the action of per-acids, attacks 
the double bonds unspecifically (Alder, Ann. 486, 234). 

Bromination of these particularly reactive unsaturated bicyclic 
systems takes place abnormally and forms hydroxy bromides (Alder, 
Ann. 601, 253; 604, 230). 

Bicyclo-[l,2,2]-heptenes can take part in further diene addition (cf. 
the formation of tri- and tetracyclopentadiene [Alder, Ann. 496, 218]), 
while cyclohexenes and bicyclo-[2,2,2]-octenes cannot do so. 


The nature of a bridged ring system can be ascertained by examining its 
oxidation products. A bicyclo-[l,l,3]-heptane ring gives cyclobutane deriva¬ 
tives as the primary products of reaction. The degradation of a-pinene, 
for instance, gives pinoyl-formic acid together with pinonic, pinic and nor- 
pinic acids, p. 263. From bicycIo-[l,2,2]-heptane compounds cyclopentane 
carboxylic acids are first obtained, see the campha negroup p. 262. Bicyclo- 
[2,2,2]-octanes (endoethylene compounds) are converted into hexahydro- 
terephthalio acids by cone. HNO3 (Diels, Ann. 478, 137; Bor. 02, 2087)* 


H COOH 




cis-Hexahydroterephthalic acid 


COOH 


HOOCr 


HOOCl^ 


^OH 


Hexahydro- 
mellophanio acid. 
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The other types of ring fission and of isomeric change which have been 
observed in the bicyclo-[l,l,3]-heptane and the bicyclo-[l,2,2]-heptane 
systems are described in the sections dealing with pinane and camphane 
derivatives. 

For the nomenclature of bridged ring systems Baeyer'a rules (p. 161) 
may be applied with advantage, or they may be called meso or endo al- 
kylone compounds, as suggested by BreAi and by Diels. The numbering of the 
ring carbon atoms used in this book begins at one of the two bridge heads, 
continues round the smaller ring, if the bicyclic system is unsymmetrical, 
and ends with the bridging members. Diels prefers to start from the point 
of attachment of some functional group. In the terpenes, the names are 
sometimes based on genetic relationships. 

BICYCLO- [1,1,8]-HEPTANES 

Bicyclo-[l,l,3]-heptano or nor pinane'' is the parent substance of im¬ 
portant natural products, such as a- and ^-pincnc, verbenone etc. which 
will be described in detail in the section “the pinane group’* of the chapter 
on Terpenes. The caryophyllenes (cf. Sesquiterpenes p. 329) are held to be 
derivatives of this ring system. The filix tannins are also derived from 
bicyclo-1,1,3-heptane (see Tannins, p. 398). 

BICYCL0-[1,2,21-HEPTANES 

The carbon skeleton of bicyclo-[l,2,2]-heptane or ''norcamphane** 
is contained in a large number of natural products, hydrocarbons, 
alcohols and ketones, and the group is called ‘‘the camphor group”, 
after the most important of them. Camphor, its reactions and degrada¬ 
tion products, its isomers, and its lower and higher homologues are 
fully described unter the heading “camphane group” in the chapter 
on Terpenes. Only the artificial products, obtained by means of the 
Diels-Alder synthesis (p. 86) will be discussed here in detail. 

Bicyclo-fl,2,2]-hcptaiie, nor camphane", Komppa’s ^^norhornylane" ^ the 
parent hydrocarbon of the group, is a very volatile substance, m.p. 86—87®. 
It has been obtained by a Hofmann degradation of bicyclo-[1,2,23-heptane- 
carboxylic amide, deamination to /8-norborneol and reduction of the cor¬ 
responding chloride with sodium and alcohol {Komppa^ Naturwiss. 22, 171). 

2-Mcthyl-bicyclo-ll,2,2]-heptane, 2-methyl-ly4-endomethylenc-cyclohexane, 
C 8 Hi 4 , b.p. 125—126*6®. Cyclopentadiene is condensed with acrolein {Diels, 
Ann. 460, 98) to endomothylene-tetrahydro-benzaldehyde (p. 186), which 
is reduced via the hydrazone to endomethylene-tetrahydrotoluene, b.p. 116 
—117®, and finally reduced with hydrogen and palladium {Zelinsky, Ber. 
66, 1416). 

2-Mothylene-bicyclo-[l,2,2]-hept«ne, 2-methylene-norcampkane, CgHu, b.p. 
123®, arises from the same cyclopentadiene-acrolein compound by the stages 
endomethylene-hexahydrobenzaldehyde (p. 186) and endomethylene-hexa- 
hydrobenzylalcohol (see below) {Diels, Ann. 470, 62). 

Santene, 2,S-dimethyl-l,4-endomethylene-cyclohexene-2, b.p. 137—140®, 
is prepared similarly by means of the diene synthesis from norcamphor 
(p. 270, Terpenes). 

Among the higher homologous hydrocarbons of this series, the isomers 
^ioHi8» 

Camphane and Fenchane are noteworthy as the parent substances of 
important natural products. For the proof of their constitution and the 
numerous rearrangements of these ring systems see Terpenes, p. 263 and 271. 

Alcohols 

Bicyclo- [l 9292 ]-heptane-carblnol -29 norcamphane-2-carhinol, 1,4-endomethyU 
ene-hexdhydrohemyl alcohol-2, 0 ^ 11140 , b.p. 101—102®/10 mm., has been 
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prepared by reducing the condensation product of cyclopentadiene and 
acrolein p. 181 {Dids, Ann. 470, 62). 

Bomeol, its isomer isobomeol and fenchyl alcohol are homologous com¬ 
pounds occurring in nature and are dealt with in the chapter on Terpenes. 

Bicyclo-[l,2,2]-heptene Aldehydes 

can in general be obtained from cyclopentadiene and a, j^-unsaturated 
aldehydes. The following adducts are derived from acrylic and 
crotonic aldehydes : 

1.4- Endomethylene-d®-tetrahydro-benzaldehydc-2, CgHjoO, b.p. 70-72®/ 
20 mm., semicarhazone ni.p. 162®, is hydrogenated to endomethylene- 
hexahydrobenzaldehyde (norcamphane-2-aldehyde), b.p. 76—76®/25 mm., 
semicarhazone, m.p. 142® {Diels, Ann. 460, 98; 470, 62; 486, 202). 

1.4- Endomethylene-methyl-d®-tetrahydro-benzaldehyde-2, C 9 H 12 O, cis form 
b.p.60—76®/12 mm., semicarbazone m.p. 168®, and trans form b.p. 80®/46 mm., 
semicarbazone m.p. 181®; on oxidation the dihydro-products give cis and 
trans endomethylenediexahydro-odoluic acid, see below {Diels, Ann. 470, 66 ). 

Cyclic Ketones 

can prepared not only by the older methods of Komppa and 
Bredt-Haller (p. 181), but also by ozonising the enol acetates of bicyclo- 
[1,2,2] -heptane-aldehy des. 

Norcamphor, l,4-evdomethylene-cyclohexanone-2, C 7 H 10 O, m.p. 92®, semi¬ 
carbazone m.p. 197® {Diels, Ann. 470, 62), and 

8 -Methyl-norcamphor, 1,4-endo methylene-S-methyl-cyclohexanone-2, b.p. 
68—70®/16 mm., semicarbazone m.p. 186®. Both these ketones are important 
intermediate stages in the complete synthesis of santene (p. 270) and of 
camphor by the diene method (see Terpenes; Diels, Ann. 486, 202). 
Camphor is treated in detail in the chapter on Terpenes (p. 282). 

Fenchone isomeric with camphor also occurs in nature. For its con¬ 
stitution, ring fissions and synthesis see Terpenes (p. 316). 


Carboxylic Acids 

of the bicyclo-[l,2,2]-heptane class have been prepared by the 
same method of diene synthesis, starting from cyclopentadiene and 
a,^-un8aturated carboxylic esters or dicarboxylic anhydrides. 

1.4- Endomethylene-Zl®-tetrahydrobenzoic acid-2, CgHioOg, b.p. 132-134®/ 
22 mm., a compound which recalls the higher fatty acids in odour, has been 
obtained by condensing cyclopentadiene with acrylic acid {Diels, Ann. 460, 98). 

1.4- Endomethylene-hexahydro-2,3-toluic acid, C 9 H 14 O 2 , exists in two 
isomeric forms, cis, b.p. 136—137®/13 mm., trans, m.p. 66 ®, and is prepared 
by oxidation of the corresponding aldehydes {Diels, Ann. 470, 66 ). 

1.4- Endomethylene-hexahydro-2,3-phtha]ic acids, C 9 H 12 O 4 . Three isomers 
are known, two of them cis forms, a, m.p. 161®, anhydride m.p. 168®, and p, 
m.p. 163®, anhydride m.p. 79®, which can be converted into one another 
by way of the trans form, m.p. 194® {Diels, Ann. 460, 113). The two cis 
forms are prepared by SeOj-oxidation of a- and /?-dihydro-dicyclopentadienes 
{Alder, Ann. 504, 219): 
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1.4- £ndomethy]ene-zf^-tetrahydro-2,8-phtha]ic acids, CeHjo 04 , display a 
similar isomerism: a-form m.p. 179®, anhydride m.p. 164°, /5-form m.p. 148°, 
anhydride, m.p. 143°. The dihromide of the a-form, m.p. 188°, is trans¬ 
formed by HBr and acetic acid into the dihromide of the trans-acid, m.p. 
244°, which does not form an anhydride; the trans-dibromide rearranges, 
when melted, to the ^-dihromide, m.p. 248° {Alder, Ann. 504, 224). The 
a-acid is synthesised by heating maleic anhydride with cyclopentadiene and 
hydrolysing the anhydride, m.p. 165°, of the condensation product {Diels, 
Ann. 460, 98). Hydrogen and Pd reduce it to the corresponding saturated 
cis a-acid, m.p. 161°. 

1.4- £ndomcthylene-<d^-tctrahydro-2,3-phthalic acid, m.p. 22 °, differs from 
the previous acid in the position of the double bond. Anhydride m.p. 99°, 
dimethyl ester b.p. 132—133°/12 mm. It can be synthesised by the diene 
method in two ways which are shown in the scheme {Diels, Ann. 478, 137): 


+ 2H 
hydrol. 


COOCH3 

I 

C corn!, rf >iCOOCH3 

! - 
COOCH3 




Ozone attacks the J'-double bond, and gives cis cyclopentane-1,3- 
dicarboxylic acid. The cyclopentadiene-acetylene-dicarboxylic ester adduct 
represented above, b.p. 134—136°/11 ram., gives on hydrolysis. 

1.4- Endomethylene-zl2>°-dihydro-2,3-phthalic acid, C 9 H 8 O 4 , m.p. 170° 
{Alder, Ann. 490, 236). 

3-Methyl-l,4-endomethyIene-zf®-tetrahydro-2,3-phthalic anhydride,CjoHioOg. 

m.p. 138°, is prepared from cyclopentadiene and citraconic anhydride. 

1.4- £ndomethylcne-zl ’^-tetrahydrol)enzene-2-carboxylic-2-acetic anhydride, 
an isomer of the previous compound, m.p. 64°, is obtained similarly from 
itaconic anhydride {Diels, Ann. 460, 98). 

1.4- £ndoraethylene-hcxahydro-2,3-homophthalic acid, C 10 H 14 O 4 , m.p. 137°, 
results from the degradation of dihydro-dicyclopentadiene with KMn 04 
{Diels, Ann. 485, 223). 

2,3 - Dimethyl -1,4 - endomethylene - - tetrahydro - 2,3 - phthalic anhydride, 

C 12 HJ 2 O 3 , m.p. 166°, is a condensation product of cyclopentadiene and p 3 rro- 
cinchonic anhydride {Diels, Ber. 62, 664). 

Addition of maleic anhydride to 6,6-8ubBtituted fulvenes resiilts in 
compounds of the general formula: 



Dimethyl derivative Ci 2 Hi 203 , m.p. 137° 
Diphenyl derivative CaoHieOs, m.p. 168° 
Monostyryl derivative C 18 H 14 O 3 , m.p. 138°. 
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The constitution of these compounds is deduced from the facts: (1) that 
they can add on azides, and ( 2 ) that the diphenyl compounds give benzo- 
phenone on ozonisation {Diela^ Ber. 62, 2081). 

The ring system of tricyclene (p, 276) which is of great theoretical interest, 
may be briefly mentioned here. It is a combination of a bicyclo-[l,2,2]- 
heptane and a condensed 8 - and 5-ring system. Interesting natural sub¬ 
stances, such as a-santalene (p. 333) and teresantalic acid (p. 270), described 
in the chapter on Terpenes, are derived from this system. 



Polymerisation Products of Cyclopentadiene 

The polymerisation of cyclopentadiene takes place as in a diene 
synthesis and leads to the following products {Kraemer, Ber. 29, 558; 
Wieland, Ber. 39, 1492 ; id. Ann. 446, 13; Sfaudinger, Helv. 7, 23 etc.; 
Alders Stein^ Ann. 486, 223; Wassermann, J. 1936, 1028): 



Dicyclopentadiene Tricyclopentadieno Tetracyclopentadiene. 


Bicyclopentadiene, CioHjj, a-form m.p. 32®, P-foim m.p. 19®. This doubly 
unsaturated, tricyclic hydrocarbon contains two double bonds which are 
dissimilar, as can be seen by reduction. The dihydro compound melts 
at 61®, the tetrahydro compound at 77®. One double bond is capable of 
adding phenyl azide and of reacting with nitrosyl chloride, so that the 
compound must belong to the bicyclo-[l,2,2]-heptene group. The ring 
structure of the polymer has been established by oxidation; there are two 
possible points of attack, which can be shown as follows {Wieland, Ann. 446, 
20; Ruzicka, ib. 476, 76; Alder, Stein, ib. 485, 223): 



decomp, of the 
NOCl-adduct 

< - 

f2H 


cis-Pentalane-l,3-dicar- Ring ketone m.p. 110® 
boxylio acid C 10 H 14 O 4 
m.p. 232i® 






1 ,4-Endomethylene-hexahydro- Cyclopentane -1,3-dicarboxylic 

2,3-homophthalic acid C 10 H 14 O 4 , acid C 7 H 10 O 4 , m.p. 120® 

m.p. 137® 


An exact examination of the stereochemical behaviour has shown that 
the two forms of dicyclopentadiepe are stereoisomers and the difference 
persists in the following derivatives {Alder, Ann. 504, 219): 
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Hydrotriazoles 



Ph 

a-series m.p. 128® 
jff-series m.p. 128® 


Dihydro compounds 



Ph 


m.p. 129® 
m.p. 142® 


Hydroxy base 

HOr 


PhHNL 


k 


a-scries m.p. 134® 
/3-series m.p. 95® 


Ph.N< 



m.p. 62® 
m.p. 68® 


Oxidation of the a- and j3-dihydro-dicyclopentadienes by the method 
described below (p. 190) gives rise to two isomeric cis 1,4-endomethylene- 
hexahydro-2,3-phthalic acids, m.ps. 161® and 163® (p. 186): 

cfik Ckf ^ 


CrO, 




KMnO* 




'-iCOOH 


■H, 




ICOOH 


This can only be interpreted stereochemically by the view that the formulae 
of the acids are: 



The polymerisation process itself can therefore be represented as: 

Two tricyclopentadicnes, CigHig are known and are obtained, together 
with still higher condensation products, by heating cyclopentadiene to 
160—180® under high pressure; m.ps. 68® and 66®, dihydro-triazoles m.ps. 
200® and 196®. It has been shown that they differ in a way similar to the 
dicyclopentadienes, and that their formulae must be iStaudingery Ann. 447, 
99; Alder, ib. 496, 204; 604, 216): 




190 


BRIDGED RINGS 


A successive degradation of the complicated ring system has been 
achieved by using the action of various oxidising agents on the dihydro 
compounds. Here again, two series of stereo-isomeric degradation products 
result, e.g. from a-tricyclo-pentadiene: 




a-Dihydro-tricyclopentadiene, 
m.p. 36® 

f •!; jjCOOH 

-- ' COOH 

Acid C 14 HJ 8 O 4 , m.p. 174® 


uxia yxia COOH 

' COOH 

Acid C 15 H 20 O 4 , m.p. 183® 


common oxidation product, acid 
^]2 Ri6^4» ^^'P* 217® 


Tetracyclopentadienc, C 20 H 24 m.p. 207®, dihydro compound m.p. 206®, 
Pentacyclopentadiene, C 25 H 30 m.p. 277®, and 

Hexacyclopentadiene, C 30 H 34 m.p. 373® decomp., are formed to some 
extent when dicyclopentadiene is heated to 200® for 90 hours {Alder, 
Ann. 496, 204; Ber. 67, 613: Staudinger, Ann. 447, 97). 

For the energy content of polymeric cyclopentadienes see p. 183; cf. 
Alder, Ber. 67, 613. 

Dimerisation products of certain cyclopentadiene derivatives are known, e.g. 


H COOH NOH CMe- 



Dicyclopentadiene- Di-isonitroso- Di-dimethylfuivene 

dicarboxylic Acid dicyclopentadiene 

{Thiele, Ber. 34, 69; {Thiele, Ber. 33, 669; {Thiele, Ann. 348, 7; 

Alder, Ann. 496, 204). Alder, 1. c.) Alder, 1. c.) 


1.4- Endomethylene-decalins and -tetradecahydro-anthracenes 

1.4- £ndolnethylene-decalin (I), CjiHjg, b.p. 84-86®/16 mm., has been 
obtained from the cyclopentadiene-quinone adduct (cf. below) by reduction 
in the following stages {Walther, Ann. 348, 47; Diels, Ann. 460, 98): 


0 0 0 



154 ^ 5 , 8 -Di-endomethylene-tetradecahydro-anthracene (II), Ci«H 24 , b.p* 
157—16^/16 mm., is prepared similarly from dicyclopentadiene-quinone 
(cf. below). 
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Cyclopentadiene-quinone, CnHioO,, m.p. 78®, a yellowish-green compound, 
from quinone and one mol. of cyclopontadiene, is enolised by HBr+AcOH 
into hydroquinone-endomethylene-cyclohexeno, which is oxidised by FeClj 
to a yellow quivone CnHjoOj, m.p. 70® {Diels, Ber. 62, 2360); 


OH OH 0 



The tetrahydro derivative of the adduct, m.p. 67®, is decomposed by 
HNOg to cyclopentane-l,3-dicarboxylic acid and succinic acid {Alder, Ann. 501, 
247). Acetic anhydride brings about dismutation, as shown in the scheme: 



red quinone CjgHijOj, hydroquinone-diacetate 

m.p. 262® C 20 H 18 O 4 , m.p. 260®. 

Dicyclopentadiene-quinone, CigHigOj, m.p. 168®, from quinone and two 
molecules of cyclopentadiene {Albrecht, Ann. 848, 47; Diels, Ann. 460, 98) 
is transformed into a stereoisomer m.p. 184® by alcoholic KOH {Alder, Ann. 
601, 264): 

O 0 



Hydrogenation gives a tetrahydro derivative, which is oxidised by bromine 
to the corresponding quinol, m.p. 289®, and with CrOg to the quinone, m.p. 262® 



BICYCL 0-[2,2,2]-0CTA]VE S 

Just as bicyclo-[1,2,3]-heptanes can be obtained from cyclopenta¬ 
diene, so representatives of the bicyclo-[2,2,2]-octane series can be 
prepared from cyclohexadiene and its derivatives by the addition 
of compounds which contain a conjugated system of double bonds. 

The constitution of the resulting compounds is confirmed by the 
independent synthesis of the parent hydrocarbon and the mono- 
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ketone by Komppa. This ring system is free from strain as is shown 
by the heat of combustion of the octanone (Pirsch, Ber. 67, 303). 

Bicyclo-[2, 2921 -octane (I), m.p. 169°, which in spite of its melting point 
is most remarkably volatile, is obtained from the related octanone either 
via the semicarbazone {Alder, Stein, Ann. 514, 27), or from the oxime by 
reduction to the amine which is converted into the alcohol, m.p. 216—217°, 
and reduction of the chloride obtained from this {Komppa, Ber. 68 , 1267). 

Bicyclo-[ 2 , 292 ]-octanone -29 l,4~endoethylene-cyclohexanone-2, m.p. 176°, 
semicarbazone m.p. 205°, oxime m.p. 118°, is formed by heating the Mg salt 
of hexahydro-homoterephthalic acid {Komppa, ib.); it has also been obtained 
from the following compound. It is oxidised by HNOg to cis hexahydro- 
terephthalic acid, m.p. 171° {Diels, Alder, Ann. 478, 137). 

Bicyclo-[2,2,2]-/l®- octenyl-aldehyde-2, J,4-endoethylene-A^-tetrahydro- 
henzaJdehyde-2 (II), b.p. 84—85°/12 mm., semicarbazone m.p. 177°, is obtained 
from d^*°-cyclohexadienc and acrolein in a sealed tube. The dihydro com¬ 
pound, m.p. 77°, semicarbazone m.p. 192°, can be ozonised via the enol 
acetate to the bicyclo-octanone {Diels, Alder, ib.). 

Dicarboxylic Acids ol the Endo-ethylene Series and Their 
Anhydrides 

1.4- £ndoethylene-d®-tetrahydro- 293 -phthalic anhydride, CjoHioOg, m.p. 
147°, from ^^'^-cyclohexadiene and maleic anhydride {Diels, Ann. 460, 98), 
gives on catalytic hydrogenation with Pd the cis form of 1,4‘endoethylene- 
hexahydro-2,3-phthalic acid, m.p. 162°, which is converted into the trans 
compound m.p. 243° by hydrochloric acid {Diels, Ann. 478, 142). The 
constitution is deduced from its oxidation to hexahydro-mellophanic acid 
(id. Ber. 62, 2087). 

1. 4 - £ndoethylene-/d^-tetrahydro- 298 -phthalic anhydride, m.p. 158°, isomeric 
with the previous compound, has been prepared from the corresponding 
dibromomaleic anhydride adduct, m.p. 252°, by hydrogenating the double 
bond and removing bromine, and also by reduction of the reactive double 
bond and loss of water, from 

1.4- Endoethylcne-zJ2>8-dihydro-2,8-phthalic acid, a condensation product 
of cyclohexadiene and acetylene-dicarboxylic acid {Diels, Ann. 490, 236). 

More complex anhydrides have successfully been obtained by condensing 
maleic anhydride with coumahn or its derivatives, cither in boiling xylene 
or in the molten mixture {Diels, Ann. 490, 257). From coumalin, methyl 
coumalate, dimethyl-coumalin, and isodehydracetic acid the following 
compounds were prepared: (I) CigHgOg, m.p. 349°, tetramethyl ester, m.p. 
131°; (II) C 14 H 10 O 8 , m.p. 331°, pentamethyl ester, m.p. 138°; (III) Ci 4 Hi 20 g, 
m.p. 274°, tetramethyl ester, m.p. 166°; and an acid corresponding to the 
anhydride (IV) CigHigOio, m-P- 325®, pentamethyl ester, m.p. 204°. 
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1,4-Endoethylene-decalins and -Tetradecahydro-anthracenes 

Dicyclohexadiene^ CiaHu, the analogue of dicyclopentadiene, is a liquid 
hydrocarbon formed by dimerisation of zl^*®-cyclohexadiene. Selective 
reduction of this compound gives the dihydro compound CijHig b.p. 
107—108®/16 mm. By oxidising this product Alder has succeeded in opening 
the rings step by step, obtaining first the oily keto-acid CuHigOs (methyl- 
ester-oxime m.p. 86®) through the enol-lactone m.p. 69® and finally cis 
hexahydro-terephthalic acid m.p. 171® {Alder^ Ann. 496, 197). 






1 




O 

/\ 


CO 


(^Hj in. 


cn. 


KMnO. 


HNO, 

-> 



COOH 

OHjj 

I 

CH^ 

COOH 


The quinone addition products of the cycloheocadienes are structural 
and stereochemical analogues of the cyclopentadiene derivatives 
and can be oxidised in the same way to the corresponding qui- 
nones (“aromatisation”), after enolisation. It should be noticed that 
on thermal decomposition the ethylene bridge is lost as a whole, which 
throws light on the structure of the cyclohexadiene derivative, e.g.: 


0 

H- 


/CH, 

0 I 




cond. 



CH 3 . 


-^ 



>CH 





CH 3 ' 


O H 


bL- 


/CH 3 


-CH< 

\CH 3 


O CH 3 
A' CH 3 


therm, dec. 


CH—ch: 


.CH 3 . 

^CH 3 


II 


Cylcohexadieno-quinone, CjaHigOj, m.p. 98®, from quinone and one mol 
of cyclohexadiene {Diels, Ber. 62, 2347), can be reduced to a cis tetrahydro 
compound m.p. 66®, which, on oxidation with HNO3, gives cis hexahydro- 
terephthalic acid m.p. 171® {Alder, Ann. 601, 263). 

Quinone-a-phellandrene condensation product CigHgoOg (I, above), m.p. 
119®, see Diels, Ber. 62, 2347. 

Dicyclohoxadienc-quinone, CjgHgoOg, m.p. 197®, is the product of the 
action of two mols of cyclohexadiene on one mol of quinone. It melts at 
197®, then undergoes isomeric change and melts at 268® {Diels, Ber. 62, 2337; 
Alder, Ann. 601, 288). 

Butadiene-quinone-cyclohexadiene adduct^ C^eHigOg, m.p. 137®, is obtained 
from monobutadiene-quinone and .d^’®-cyclohexadiene. Its tetrahydro 
compound (I), m.p. 167®, undergoes isomeric change in presence of AcgO 
to (II), m.p. 184®, as is proved by degradation with HNO 3 (id. ib.); 

Richter-AnBohtttz ii. 13 
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II 


H 




H 


OH, 


V 




"^\C00H HOOC|j^"^ 


+ 

,COOH HOOCH, 


CH, 

in. 


HOOC- 

l-f 

HOOC. 


(Sh^ 

(^H, 




^COOH 


Adipic acid 1,4-Endocthylene- cis-Hexahydro- 
J^-tetrahydro- terephthalic acid 
2,3-phthalic acid 


+ in* 

'^-COOH HOOCv^ I 
trans-Hexahydro- cia-Hexahydro- 
phthalic acid terephthalic 
m.p. 217® acid m.p. 171®. 


H 


BICYCLO-[l,2,3]-OCTA]VES 
Bicyclo-[l,2,3]-octanone-2, 1ceto-bicydo-{ly2yS]-octane 
CHg—CH—CO 

/ ■ ■ 

CHj 

\ I I 

CHj—CH—CHj 

which is a representative of this hicyclic system, has been obtained by 
distilling the calcium salt of l-carboxy-cyclohexane-2-acetic acid {Komppa, 
Ber. 86 , 3610). 

6-Methyl-zl®-bicyclo-[l,2,8]-octenone-7, C 9 H 12 O, b.p. 100-106®/9 mm. is 
a condensation product of santene diketone, C 9 H 14 O 2 , obtained by treating 
santene (pp. 185, 270) with ozone or with KMnOi, santene glycol being an 
intermediate product. NaOEt or, preferably, alcoholic NH 3 are used as 
condensing agents {Semmler, Ber. 40, 4844). Its constitution is clear from 
the fact that it is oxidised first to a methyl-keto-acid OgHigOg and then to 
cis cyclopentane-1,3-dicarboxylic acid (id. Ber. 41, 866 ). 




O, 


P'^h-co-oh. 


ale. NH, 



-C.CH, 

>CH 

.CO 


KMnO« 


L.^1 %COOH 


1 -cooH 

CH 2 

L, I ^^COOH 


Other compounds which are more fully described in the chapter-on 
Terpenes, viz. endocamphene (p. 269), cyclic homocamphenilone (p. 269), 
homocamphor (p. 321) and homo-epicamphor (p. 321), also belong to this 
system. 


BICTCL0-[1,3,B]-N0NANES 

Two 6-rings, linked together in 1,3-position, form a bicyclic 
system which consists of an eight-membered ring with a methylene 
bridge in the p-position. It occurs in the compounds: 

Bicyclo-[l,8,3]-nonane-2,6-dione-l,8,5,7-tetracarboxylic methyl ester (I), 
m.p. 163—164®, a condensation product of methylene-mono- and -di-malonio 
esters with NaOEt. Decomposition of this ester with HCl yields the ketone 
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Bicyclononanedione (II), C 9 Hi 202 , m.p. 141®. The disemicarbazone of 
(II), m.p. 226®, when heated with NaOEt, gives the hydrocarbon: 

Bicyclononane (III), C 9 H 19 , m.p. 146-146®, b.p. 168.6-170®, which is 
a completely strainless arrangement (Meerwein, Ann. 898, 223; Babe, 


J. pr. Ch. 104 , 161). 
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COOR 
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CH2—C CO 
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A second method of synthesising this ring system is due to RabCy 
who condensed cyclohexenones with ethyl acctoacetate. 

1-Methyl-bicyclo-11,3, 8 J-nonane, CioH, 8 , b.p. 176-178®, a liquid with a 
terpene-like odour, is obtained from l-methyl-d^-cyclohexenone-3 and 
acetoacetic ester by the steps shown (Ber. 37, 1671) 

CH 3 CH 2 

I I 

ROOC—CH2 C CH2 CH2—C CHa 

I II I cond. I I I dlol 

CO CH CH3 -- -> CO CH2CH2 . 

I I I kctonic I I I I ' l 

CH, CO-CH, CH,—C—CH, CH,— 6 h-CH, 

j 

OH 

9-Methyl-8-isopropyl-bicyclo-[l,8,8]-nonane, C 13 H 24 , b.p. 232-233® is 
prci)arcd in the same way from ethyl acctoacetate and carvono (id., Ber. 36, 
226; 37, 1667). 
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III. TERPENES AND RESINS^ 

BY MARIA LIPP, nee BREDT-SAVELSBERG 

The volatile or essential oils are obtained from many plants, chiefly 
Coniferae and species of Citrus^ usually by distillation with steam, and 
less frequently by pressing or by extraction with volatile solvents or 
fats. They contain, together with various other compounds, certain 
hydrocarbons of the formula which are called terpenes. 

The terpenes are an important, and often the principal, constituent 
of many essential oils which are of importance in the perfumery 
industry. The accurate recognition of individual terpenes and 
the possibility of separating them from one another are chiefly due 
to the painstaking researches of Otto Wallach, who has brought 
order and system out of this chaotic mass of hydrocarbons (see 
Euzicka, J. 1932, 1582). 

^ WaUachf Terpene und Campher (2»d ed.), Leipzig 1914; OHdemeister^ 
The Volatile Oils (2n^l ed.), London 1922; ( 3 rd [German] ed.. Miltitz-Leipzig 
1928-1931); JSimonsen, The Terpenes^ Cambridge University Press 1931. 

13* 
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The natural terpenes have been found to include open-chain, 
monocyclic and bicyclic compounds, and thus to belong to very 
different classes of substances. 

The reasons why they are all treated here in one section are not 
only their common origin in plants and the historical development of 
terpene investigation, but also the fact that the various chemical 
classes are closely related to one another, both by various chemical 
interconversions and, in all probability, also biologically. Olefinic 
terpenes and their various derivatives can be converted into cyclic 
terpenes by ring closure, e.g. dihydro-myrcene into cyclo-dihydromyr- 
cene, and linalool into dipentene; conversely cyclic terpenes by ring 
fission give olefinic terpenes; e.g. isopulegol gives citronellal. Further, 
bicyclic terpenes and their derivatives can be converted into mono- 
cyclic terpenes and their derivatives, e.g. carene into sylvestrene, 
pinene into dipentene, camphor into carvenone. On the other hand, 
monocyclic terpenes are not usually transformed with ease into 
bicyclic terpenes, and the conversion of dihydrocarvone hydro¬ 
bromide into carone by means of alcoholic potash is one of the few 
exceptions. 

Isoprene C^Hg and the terpenes aie identical in composition, 

a fact of more than schematic significance. This was clearly recognised 
by Wallachj who suggested the name hemiterpene for isoprene. Indexed, 
isoprene is both obtained as a decomposition of the terpenes C,„H6 
and is reconverted by dimerisation into compounds of the formula 
CioHig {Wallach, Ber. 24, 1525). According to the conditions, the 
dimerisation may result in open-chain molecules, the acyclic or olefinic 
terpenes, or in closed ring molecules, the monocyclic terpenes ( Wagner- 
Jauregg, Ann. 496, 52). When the two isoprene residues combine 
to form a chain, an eight-membered carbon chain with methyl or 
methylene groups attached to the 2- and G-positions is by far the 
chief product; on ring closure two different kinds of six-rings are 
formed, one carrying a methyl and an isopropyl group—or the 
corresponding unsaturated groups, methylene, iso 7 )ropylidene and 
isopropenyl—in 1- and 4-positions with respect to one another, 
and the other carrying the same groups in the 1,3-positions. They 
are called dipentene and diprene respectively (Aschany Ann. 461, 12). 
The first type is closely related to p-cymene, p-methyl-isopropyl¬ 
benzene (vol. Ill), and the second to m-cymene, m-methyl-isopropyl- 
benzene, and they are the partially reduced derivatives of these 
aromatic hydrocarbons. Limonene, dipentene, terpinolene, terpinene 
and phellandrene are dihydro-p-cymenes, while vsylvestrene and 
carvestrene belong to the meta series. The combination of two 
isoprene residues to produce dipentene or diprene is a sj)ecial case 
of the dieno synthesis (p. 8G). 

The bicyclic terpenes are, in theory, derived from dipentene by 
a further ring closure, either by the formation of a new C — C bond 
between two ring atoms in the l,3-po8ition {sabinane group), or by 
the central C-atom of the isopropylidene group linking itself to 
two atoms of the 6-ring, either in the 1,2-position in the case of the 
carane group which can also be derived from diprene, in the 1,3-po¬ 
sition in the case of the pinane group, or in the 1,4-position in that 
of the camphane group. In practice, such syntheses have succeeded 
only in the carane and sabinane groups. Derivatives of the former 
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group had been synthesised before any of its members had been 
detected in nature. The other ring systems have been synthesised, 
if at all, by more laborious methods, as for example those used 
in the synthesis of camphor and fenchone. Though bicyclic terpenes 
have been built up from monocyclic ones only in a few cases, the 
opposite process, the conversion of bicyclic into monocyclic terpenes, 
is very easily achieved in all the four groups. This justifies the 
common treatment of substances which at first sight, seem to differ 
so widely in their structure. 

The terpenes can thus be divided into the following groups: acyclic 
terpenes with three double bonds, which can add on six monovalent 
atoms or groups, monocyclic terpenes with two double bonds, which 
can add on four monovalent atoms or groups, and bicyclic terpenes 
which have only one double bond and cannot add on more than two 
monovalent atoms or groups, if the carbon skeleton is to remain intact. 
Finally, completely saturated tricyclic terpenes (tricyclene, cyclo- 
fenchene) have been obtained synthetically, but no such compounds 
have yet been detected in essential oils. 

The polymerisation of isoprene is not necessarily complete when 
two molecules have united, but, in theory, compounds such as 
C 15 H 24 (from three molecules), C 20 H 32 (from four molecules), and 
(C-,Hy)x (from x molecules) are conceivable. In fact, higher boiling 
hydrocarbons corresponding to these formulae have been isolated 
from many essential oils, gums, and balsams. The compounds 
C 15 H .24 are called sesquiterpenes, those of the formula C 20 H 32 diterpenes, 
and those of the formula (C;^Hj^)x polyterpenes. In a few cases it has 
been found possible to cause isoprene to combine with terpenes, as 
in the case of cyclo-isoprene-myrcene (cf. Wagner-Jauregg, Ann. 
496, 52). The hypothesis that sesquiterpenes, diterpenes etc. are 
built up from isoprene molecules according to some common principle 
shows itself to be of great value in the determination of the con¬ 
stitution of these substances. It was first applied as working hypo¬ 
thesis, but may now be said to have a firm experimental basis in 
the transformations and decompositions which have been observed 
(p. 822). It has been found to be of great use not only for the 
tery)enes, polyterpenes and rubber, but also in the study of resin 
acids and some of the natural dyes (Ruzicka) (see bixin, lycopin, 
carotene etc. in the section “Natural Colouring Substances” (p. 407). 

In preparing and isolating pure terpenes the same difficulties are 
met as have been described in the case of the dihydrobenzenes. 
In almost every case a mixture of isomeric hydrocarbons is obtained, 
which are very similar to each other, and the extraction from such 
a mixture of a completely homogeneous terpene is very troublesome. 
For this reason the difficulties of elucidating their structure have 
been great, but thanks to the work oiAschan, Bavyer, Bredt^ Komppa, 
Perkin jr., Semmler, Wagner, and others, and above all, of Wallach, 
the constitution of most of the terpenes and their interrelation¬ 
ships are to-day firmly established. In many cases, such as those 
of dipentene, terpinene, sylvestrene, carvestrene, camphene, and 
fenchene, a complete synthesis has been carried out; in other, as 
with pinene and phellandrene, a partial synthesis has been effected. 

Various alcohols, aldehydes, and ketones are derived from the 
terpenes. Their general formulae qre C 1 QH 14 O, CioH^gO, CioHigO 
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and C 10 H 20 O, and some of them occur in essential oils together with 
terpenes and often separate out as solids, as with Japan camphor. 
They were formerly classified as camphors, although they belong to 
several different classes of substances, just as the terpenes them¬ 
selves do; they are olefinic, monocyclic and bicyclic. At present the 
constitution of most of them is known and the collective designation 
as “camphors’* is of merely historical interest. Thus as well as the 
terpenes and their addition products, this section includes the 
terpene alcohols, the terpene aldehydes, and the terpene ketones and 
compounds derived from them. 

Terpene alcohols, aldehydes and ketones are more easily isolated 
and purified than the terpenes themselves, since many of them 
crystallise very well, and others are readily recovered as pure sub¬ 
stances from characteristic derivatives which they form. Many of 
these compounds, e.g. camphor, fenchone, menthone, a-terpineol 
and others, have been successfully S 3 mthesi 8 ed, once their consti¬ 
tution had been elucidated. Synthesis has gone a stage further—the 
same is true, to a degree, of terpenes—^in producing new compounds 
not yet detected in essential oils, but resembling the natural pro¬ 
ducts in constitution and behaviour to such an extent that they 
may be regarded as artificial terpene alcohols and ketones. 

The oxygenated derivatives of the sesquiterpenes, the diterpenes 
and the polyterpenes, mainly alcohols and ketones, are discussed 
in connection with the hydrocarbons to which they are related. The 
investigation of their constitution has made rapid progress as a 
result of the insight which has been obtained into the structure of 
the corresponding hydrocarbons. Attempts to synthesise compounds 
of this group have only been made during the last ten years, but 
have already been successful in certain cases (see e.g. nerolidol). 

Physical properties ,—The pure terpenes are colourless liquids of 

high refractive power, though a few, like camphene, are solids at ordinary 
temperature. They boil without decomposition between 150—180°, are easily 
volatile in steam and possess a characteristic and usually pleasant odour. 
Most terpenes are optically active and of some antimeric forms are known, 
while dipentene and carvestrene are examples of racemic terpenes. 

Chemical behaviour. —(1) The terpenes polymerise readily. 

(2) Under the influence of acids many terpenes change very easily into 
isomers which differ in the arrangement of the bonds. Thus a-terpinenc 
becomes y-terpinene by a simple shift of the double bond, myreene cyclo- 
dihydromyreene by ring closure, pinene dipentene by change of ring 
system. 

(3) Some terpenes are easily oxidised even by the oxygen of the air, 
e.g. a-pinene and /5-phellandrene, and often with resinification {Kingzett, 
J. 1894, 61). The formation of benzene derivatives in the oxidation of 
terpenes is significant. a-Pinene, e.g,, is converted by iodine into p-cymene, 
and by nitric acid into p-toluic and terephthalic acids, etc. 

(4) The imjiortance of addition recuitions has already been pointed out 
in connection with the classification of terpenes: 

(a) The terpenes on reduction take up hydrogen and give hydroterpenes 
(Semmler, Ber. 86, 1033). 

(b) The addition of chlorine, bromine or hydrogen halides, in cold 
AcOH, gives halogen substitution products of the hydroterpenes. Many of 
these crystallise well and are useful in characterising and distinguishing the 
terpenes. They are reconverted into terpenes by heating with NaOAc 
in AcOH, or with bases such as aniline {Semmler, Ber. 34, 708). These halogen 
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compounds are the intermediates in the conversion of terpenes into terpene 
alcohols. Some of them can be obtained from terpene alcohols. 

(c) Nitroayl chloride NOCl {Tilden), or an alkyl nitrite, glacial acetic 
acid and hydrochloric acid, react with most terpenes to give well defined 
terpene nitroaochlorides. These compounds are often unstable, but react 
with primary and secondary bases to form stable terpene nitrolaminea, or, 
by loss of HCl, nitroao-terpenea, which are useful for characterisation. By 
means of the latter compounds terpenes can be converted into terpene 
ketones (see limonene nitrosochloride). 

(d) Certain terpenes unite with N 2 O 4 , forming nitroaatea CioH„(N02 )2, 
and with NjOg, yielding paeudo-nitrositea (nitrites) CioHig(NO)N 02 {Wieland, 
Ann. 424, 71). The nitrosochlorides, nitrosates and pseudonitrosites are 
bimolecular in the solid state and should therefore be regarded as bia-nitroao- 
chloride^j hia-nitroaatea and bia-paeudonitroaitea. In their reactions they behave 
as monomolecular compounds (Baeyer, Ber. 28, 648; 29, 10). 

(e) The terpenes are converted by ozone into ozonidea^ and with dilute 
KMn 04 solution they give glycola by the addition of 2 OH. Both reactions 
are important for determining their constitution. For their reaction with 
perbenzoic acid see Meerwein, J. pr. 113, 9, and for the addition of trichloro¬ 
acetic acid and of formaldehyde see ReychUr, Ber. 29, 696 and KriewitZt 
Ber. 82, 67. 

Nomenclature. —^In most cases the terpenes are described by names 
derived from the plants in the essential oils from which they were first ob¬ 
served, or are most abundantly found. Since many terpenes, formerly 
considered homogeneous, were later found to be mixtures, the terpenes 
isolated from them have been distinguished from each other by prefixing 
Greek latters, e.g. a-, and y-terpinene, a- and ^-pinene. On the other 
hand, certain terpenes, e.g. limonene, which were found in several different 
essential oils, were believed to be different and were called by several names. 

Baeyer, in accordance with the Geneva nomenclature, suggested that 
the cyclic terpenes containing the same carbon skeleton as p-cymene, the 
dihydjo-p-cymenes, should be called terpadienea; the tetrahydro-cymenes 
would then be terpenea, and hexahydro-cymene terpane, Wagner, on the other 
band, called hexahydro-cymene menthane, tetrahydro-cymenes menthenea, 
and the dihydro-cymenes or terpenes rmnthadienes (Ber. 27, 1636, footnote). 
This latter system, with the help of the prefixes o-, ra- and p-, has been 
generally accepted. 

Rational names for the dihydrocymenes and their derivatives can be 
obtained by allotting numbers to the carbon atoms; 

7 

C 

2 3 9 


0 6 10 5 4 10 


7 1 yO -C. 4 8 yO 

^O—c/ \c 



JSH. CH,. 

Hence, dihydro-p-oymene of formula CH 3 —'>C=C(CH 3)2 

^CH2—CH2^ 

is described as Ji**(®)-p-menthadiene, 

the dihydro-p-cymene CH 3 —C<^**~^***^C—CH(CH 3 ), 

\CHj—CH^ 

as /d^»*-p-menthadiene and 

.C(CH3)-CH2. 

the dihydro-m-cymene CH^ /CH—C(CH 3 )—CHj 

\CH2-CH2'^ 

as J®*®(®)-m-menthadiene. 


For the nomenclature of the bicyclic terpenes see p. 239. 
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The terpenes will be discussed in the following groups:— 

A. Olefinio terpene or terpenogen group. 

B. Monocyclic terpene or menthane group. 

C. Bicyclic terpene groups: 

I. Sabinane or tanacetane group: 

II. Carane group. 

III. Pinane group. 

IV. Camphane group. 

D. Sesquiterpene and poly terpene groups. 

To the hydrocarbons of each group must be added the alcohols, 
aldehydes and ketones, and their transformation and degradation 
products. 


A. OLEFINIC TERPENE OR TERPENOGEN GROUP 

This group comprises a number of ethylenic hydrocarbons, alcohols, 
aldehydes and acids with open carbon chains. They occur in essential oils, 
or are the products of the reactions of compounds found in those oils. 
They are distinguished by the fact that, as a rule, they are easily converted 
into hydroaromatic and aromatic substances. Before dealing with them, 
reference must be made to 

CH3. 

Isoprene, B-methyl-butadiene (I, 116), —CH=CH 2 

which has already been mentioned as the structural element of both olefinic 
and cyclic terpenes {Waterman, Rec. 48, 1084, 1191; J. Franklin Inst. 221, 
436; Wagner-Jauregg, Ann. 488, 176; 496, 62; cf. caoutchouc p. 338). Pure 
iaoprene has the following physical constants: b.p. 34*076®/760 mm., m.p. 
about —-146®, d|® 0*6805, 1*42160 {Vassiljev, C. 1936 II 1884). 

(1) Olefinic Terpenes 

Myrcene, CjoHie, Me 2 C:CH CH 2 .CH 2 *C(:CH 2 ).CH:CH 2 , b.p. 67®/20 mm., 

0*8026, ni) 1,4673, occurs in bay berry oil together with i-phellandrene 
and unsaturated aromatic phenols, in the essential oils of Lippia citrio- 
dora and Barosma venusta {Goulding, J. 106, 2613), and in hop oil {Semmler, 
Ber. 44, 2009; Rahak, J. Agr. Res. Washington 2, 116). Artificially it is made 
from linalool (p. 202) by dehydration with KHSO4 or with iodine {Brooks, 
Am. 40, 845) or by catalytic d(;hydration (cf. Ono, Bull. Japan 2,16). It adds 
four atoms of bromine and is reduced by Na + EtOH to /^-dihydroniyrcene 
CioHig, b.p. 167—169®/770 mm., tetrahromide m.p. 88 ®. The latter is also 
obtained from linalool {Longinov, Bull. 61 (1932), 636) and undergoes isomeric 
change in the presence of AcOH + H 2 SO 4 to cyclo-dihydromyrcene {Semmler, 
Ber. 34, 3126). The complete hydrogenation of myrcene, which can only 
be done by catalytic methods, yields 2 , 6 -dimethyl-octane, while ozonisation 
gives succinic acid {Ruzicka, Stoll, Helv. 7, 271). When heated to 250—260®, 
under pressure, myrcene polymerises to a-camphorene (p. 336) and poly- 
myreenes which cannot bo distilled. For cyclo-isoprene-myrcene see p. 325. 

Ocimenc^ CjnHje, dig: CMe • CHg«CHj • CH: CMe • CH: CHg {Enklaar, Rec. 46, 
337), b.p. 81®/30 mrn., 0*8031, can be extracted from the essential oil 
of Ocimum basilicum, from flowering Tagetes glandulifera and from the 
fruit of Evodia rutaecarpa {Asahtna, Acta physicochim. 1 (1922), 67). It 
differs from myrcene in the position of two double bonds. When reduced 
with Na + EtOH it takes up two H-atoms and gives dihydro-ocimene b.p. 
68—70®/23 mm. On ozonisation, acetone, methyl-glyoxal and malonic dial¬ 
dehyde are formed {Enklaar, Rec. 27, 422). For the oxidation with KMnO* 
see id. ib, 46, 337; Chem. Weekbl.,21,101. If ocimene is distilled at ordinary 
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pressure, it undergoes a rearrangement into the less volatile allo-odmene 
Me 2 C;OH.CH;CH-C(Me)':CH-Me, b.p. 960/29 mm., 0-8132 (id. Rec. 
86 , 216; Chem. Weekbl. 23, 176). See p. 252 for allo-ocimene from pinene 
and for diene syntheses with allo-ocimene. 

Anhydro-geraniol^ CjoHig, b.p. 172—1760, from geraniol with potassium 
bisulphate at 170®, takes up 6 atoms of bromine {Semmler, Ber. 24, 682) and 
is a mixture of the limonene and the terpinolene forms like geraniol (see 
below) {Grignard, BuU. 46 (1929), 809). /?-Linaloolene, CioHig, b.p .161-1620, 
d|o 0-7601, n© 1*4362, has been obtained from rhodinol-glycol {Longinov, 
Bull. 61 (1932), 636). 

(2) Olefinic Terpene Alcohols 

d-Citronellol, CjoHao^, b.p. 110-5—lllo/lO mm., [a]jj5+4*140, a mixture 
of CHarCMe-CHa-CHo-CHaCHMe-CHa.CHaOH {limonene form) and 
MCgC: CH • CH2 • CHa • CHMe • CHg • CH2OH {terpinolene form) (but cf. Nave^, 
C. r. 200, 1112), was first obtained by reducing d-citronellal {Rupe^ Helv. 
7, 641), into which it is reconverted by oxidation. It occurs in many 
essential oils and is the main constituent of Java citronella oil. The ^-form 
is found, together with geraniol, in various oils from roses, geranium and 
]}clargonium. It is a colourless oil with a pleasant smell of roses. For 
the relation between structure and odour cf. v. Braun a.ndGos8el^ Ber. 67, 373. 
For its detection as the Ag-salt of the acid phthalate, m.p. 126®, see Penfold, 
J. Royal Soc. New South Wales 68, 80. It has been shown to bo 2,6-dim- 
ethyl-octene-(l- and 2-)ol-8 by oxidising it with ozone {Harries, Ber. 41, 2191; 
Grignard, Bull. 37 (1926), 546; 46 (1929), 809; Helferich, Ber. 64, 104), and with 
KMn 04 {Kbtz, J. pr. 107, 193). The question of the constitution of citronellol has 
been complicated by the existence of a supposed isomer, rhodinol, b.p. 113-116®/ 
14 mm., which on ozonisation gives the same products as citronellol and 
thus also seems to bo a mixture of the 2,6-dimethyl-octene-l and -2-ols, 
a conclusion supported by the Raman spectra {Naves, C. r. 200, 1112), 
the rotatory dispersion {Angla, C. r. 198, 2241) and careful study of the 
ozonisation products {Doeuvre, C. 1936 I 1310). Samples of citronellol and 
rhodinol sometimes seem to differ in the relative proportions of the limonene 
and terpinolene forms. d-Rhodinol has an intense rose odour and is obtained 
by treating d-citronellyl acetate with HBr, heating with sodium acetate at 
160® and finally hydrolysing. Its rotation is the same as that of the d-citronellol 
which serves as starting material, but the chemical properties a 10 different; 
for instance, it is oxidised to rhodinal (p. 204) by CrOg {Barbier, C. r. 157, 
1114; Gridy, C. r. 196, 313). For its preparation from citronellyl benzoate 
see Doeuvre, Bull. 46 (1929), 1098, and for hydroxy-citronellol see Sornei, 
Rev. Ch. Ind. 38 (1929), 34. 

Geraniol, CjoHisO, b.p. 122—1260/20 mm., is a mixture of CHarCMe-CHg 
-CHa-CHg CMeiCH CHgOH and Me 2 C:CH.CH 2 CHg-CMerCH-CHaOH {Es^ 
courrou. Bull. 43 (1928), 1088,1101; Blumann, Ber. 44, 2691; Kotz, J. pr. 107, 
193). It is the chief alcoholic constituent of the oils of roses, geranium, pelar¬ 
gonium, and of lemongrass oil and palmarosa oil (from Cymbopogon Martini, 
Stapf, var. motia) etc. Its esters are found in many essential oils; it is, 
indeed, the most widely distributed aliphatic terpene alcohol. It forms a 
characteristic crystalline compound with calcium chloride by means of 
which it can be separated from the other constituents of essential oils. 
Diphenyl-carbamic ester m.p. 82®; tetrahromide m.p. 70® {Elze, C. 1929 I 
2249). Geraniol is optically inactive and is related to citral in the same 
way as citronellol to citronellal. The synthesis of citral is equivalent to that 
of geraniol. Geranyl chloride has been used for synthesising famesol and 


^ These terms are used to indicate that the three terminal C-atoms form 
either an isopropenyl group, as in limonene (p. 208), or an isopropylideiie 
group, as in terpinolene (p. 209). 
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nerolidol {Ruzicka, Helv. 6 , 492). Cold mineral acids convert geraniol into 
a stereoiaomeric alcohol, 

Neroly b.p. 226®, 0*880, which is thought to be the cis form, while the 

trans configuration has been attributed to geraniol {Lah. Dauphin, Parf. 2, 
(1927), 40) 

CeHii-C.CHa 

hLcHjOH HOCHj-iliH 

Geraniol Nerol 

Nerol occurs abundantly in the oil of Helichrysum angustifolium, and also in 
the extract oils of neroli, petitgrain, bergamot, cyclamen (Elze, C. 1928II 499) 
and in linaloc oil, partly in the free state and partly esterified. Nerol is 
very similar to geraniol, but does not form a solid calcium chloride compound. 
It gives a teirahromide m.p. 119® and a diphenyl-urethane m.p. 62® {Elze, 
1. c.). It differs from geraniol also in its greater tendency to ring closure 
and dehydrogenation, and in its smell. Pure neryl acetate has the odour 
of orange flowers, while that of goranyl acetate is fruity. On oxidation first 
with KMn 04 and then with CrOg, acetone and laevulic acid are formed, and 
in the same quantities as in the oxidation of geraniol {Blumann, Ber. 44, 
2693). Geraniol and nerol are related to one another in the same way as 
citral a and citral b, geraniol corresponding to citral a and nerol to citral h. 
For the esters of nerol, see Reclaire, C. 1929 I 2249. 

Linalool) CiaHj^O, b.p. 197—199®, #® 0*8702, is regarded as a mixture of 
CHa : CMe * CHa • CHa • CHa • GMe(OH) • CH : CHa and MeaC : CH • CHg • CHa 
•CMe(OH)*CH:CH 2 , because of its close relationship to geraniol and citral. 
Its i-form {licareol) occurs in linaloe oil from Ocotea caudata, Meg. {licari 
Icanali), in lavender oil, bergamot oil, oil of limes ([a] d— 20® 7') origanum 
oil, etc., while d-linalool (coriandrol) is found in coriander oil and the oil of 
oranges ([a]D + 19®18') and of orange blossom. Phenylurethane m.p. 
66 — 66 ®; (x-naphthylurethane m.p. 53®. d, ^-Linalool has been prepared from 
geranyl chloride with aqueous K 2 CO 3 , and by reducing dchydrolinalool (see 
below) (Dupont, C. 1914 II 932; Ruzicka, Helv. 2,182). The odour of linalool 
resembles that of lilies of the valley. When it is oxidised with chromic acid, 
rearrangement into geraniol takes place, and citral is produced. For the 
formation of a*camphorene and cyclo-isoprene-myrcene, and dehydration to 
dipentone, see Semmler, Ber. 47, 2079; Vinogradova, Ber. 64, 1991. 

Citronellol, geraniol, and linalool are reduced with Hg on Ni, Pt or Pd first 
to the corresponding 2 , 6 -dimethyl-octanols: further reduction of all of them 
gives the same 2 , 6 -dimethyl-octane CioHgg which is also obtained from 
ocimene (see above). This shows that all these compounds have the same 
carbon skeleton (Enklaar, Ber. 41, 2084). 

Dilute sulphuric acid converts linalool easily, and geraniol less easily, into 
inactive terpin hydrate (p. 219) (Tiemann, Ber. 28, 2137): in the same way 
with formic acid or a mixture of sulphuric and acetic acids geraniol is con¬ 
verted with some difficulty into solid a-terpineol, m.p. 36®, and linalool com¬ 
paratively easily. In the course of these reactions linalool partly rearranges 
to geraniol, while conversely geraniol can be transformed into d, Minalool 
(Stephan, J. pr. 60, 244; Ono, Bull. Japan 2, 16; Horiuchi, J. Japan 86 , 
191). By a more vigorous action of the same reagents terpenes such as 
terpinolene (p. 209), dipentene (p. 208), and terpinene (p. 210) are formed, 
together with terpin hydrate and terpineol. Similar products have been 
obtained by heating hnalool with anhydrous oxalic acid (Mochida, Pharm. 
Japan 54 (1934), 133). 

In these ring closures the C-atoms 3 and 8 of the 2,6-dimethyl- 
octadiene chain are linked together, in the same way as in the formation of 

1 The rotatory power of all these alcohols varies, and depends on the 
source and the method of extraction; this may be due to a difference in 
proportions in a mixture, or to raccmisation. 
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isopulegol from citronellal (see below). Ring closure is also possible between 
the atoms 2 and 7 with the formation of exocyclic alcohols of trimethyl- 
cyolohexene, a- and /^-cyclogeraniol, the alcohols corresponding to a- and 
^-cyclocitral. These compounds are obtained by treating esters of geraniol with 
concentrated acids, and especially with phosphoric acid (Germ.Pat. 138,141). 
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7CH-CH*OH 
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a-Cyclogeraniol, CjoHigO (I), b.p. 213—217°, b.p. 97—980/12 mm., phenyl- 
urethane m.p. 76°, can bo obtained not only by this ring closure of 
geraniol esters, but also in an almost pure state by reducing the ethyl ester 
or the amide of a-cyclogeranic acid with Na + EtOH {BouveauU^ Bull. 7 
(1910), 354), and by the action of A1 isopropoxidc on cyclocitral {Kuhn, 
Ber. 69, 1665). 

j?-Cyclogeraniol, CjoHigO (II), m.p. 43—44°, b.p. 101—102°/11 mm., is the 
chief product of the reduction of a mixture of a- and /?-cyclocitral (p. 205) 
with aluminium isopropoxide and isopropyl alcohol, and can be separated 
from a-cyclogeraniol owing to the ease with which it crystallises. It has a 
pleasant smell like that of eucalyptus, which differs from the somewhat flowery 
odour of the a-form {Kuhn, Ber. 67, 357). 

As has already been mentioned, the constitution of the olefinic terpene 
alcohols, aldehydes and acids discussed below has been deduced from 
their oxidation products. One of these, methyl-heptenone, described in 
vol. I, 276, has played an important part in this connection. The natural 
product as well as the synthetical product prepared from citral consists of 
about 80% MeaCiCH.CHo CHa.CO.Me and 20% CHgrClMel.CHg.CHg.CHg 
•CO*Me {Orignard, C. r. 176, 1860; 177, 609; Escourrou, BuU. 39(1926), 1121). 
This 13 evidence for the constitutional formulae of citronellol, geraniol and 
linalool given above. On the other hand, methyl-heptenone has been used 
for the synthesis of several compounds belonging to this group, such as d, l- 
rhodinol(Germ.Pat. 423,544)anddehydro-linalool(B%pe,Helv.l2,1133). With 
zinc and allyl iodide it condenses to homo-linalool C|,Hn-C(Me)(OH)-CH 2 
•GH.-CHa, b.p. 102—104°/14 mm. {Tiemann, Ber. 2?1, ^3; L4ser, C. r. 127, 
763; Escx>urrou, Bull. 39 (1926), 1249). a-Alkyl-geraniols are obtained from 
citral and alkyl-magnesium compounds (Germ.Pat. 163,120; Ruzicka, Helv. 
18, 439). 


(3) Olefinic Terpene Aldehydes 

Citronellal (I), CioHigO, a mixture of much CH 2 :C(CH.,)*CH 2 -CH 2 *CH 2 
•CH(CH 3 ).CH 2 -CH 0 and a little (CH 3 ) 2 C;CH.CH 2 CH 2 CH(CH 3 )-CHo 
•CHO; b.p. 206-208°, 0.8664, ud 1-4461, [«]»+12° 30'. Its dextro¬ 

rotatory form occurs in citronella oil, in balm oil, and in that of Eucalyptus 
maculata var. citriodora etc. {Tiemann, Ber. 29, 904), while /-citronellal 
has been detected in ‘‘Java lemon olie”. Semicarbazone, active, m.p. 84°; 
d,l, m.p. 96°. It can be identified as <x.-citronellyl-p-naphthocinchonic acid, 
m.p. 223°. One of its characteristic properties is the ease with which 
it undergoes ring closure to give isopulegol (p. 225), an alcohol isomeric 
with pulegol, the reduction product of pulegone (p. 236) {Tiemann, Ber. 
80, 27; Prins, Chem. Weekbl. 14, 627; Pickard, J. 117, 1248; Horiuchi, 
Mem. Kyoto 11, 171). This takes place when it is treated with acetic 
anhydride or formic acid, or even on keeping {Lahhi, Bull. 21 (1899), 1923; 
Tiemann, Ber. 32, 826). Citronellal is reduced to citronellol (see above). 
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The acetal of citronellal is oxidised by KMn 04 in aqueous solution to acetone 
and /9-methyl-adipio mono-aldehyde, but in acetone about 80% of it is 
converted into a dihydroxy-aldehyde which, on further oxidation with CrOg, 
yields first a hydroxy-dialdehyde and finally the keto-aldehyde (o-aceto- 
p-methyl-hexanal MeCO • CHg • CH^ • CK^ • CHMe • CHg • CHO {Harries, Bor. 
34, 2981). When citronellal is oxidised with ozone, the products are acetone 
and /9-methyl adipic acid from the tcrpinolone form, and w-accto-/9-methyl- 
hexanal from the limonene form, so that the presence of both these forms 
in natural citronellal can be regarded as established {Harries, Ann. 410,10, 40; 
Doemyre, Bull. 45 (1929), 1098; but cf. Kuhn. Ber. 35, 1286). 

A Jaevorotatory aldehyde closely related to citronellal, rhodinal (II) {Bar- 
bier, C. r. 122,673; 157,1114; Bouveault, Bull. 23 (1900), 463) b.p. 82-83»/8mm 
which was formerly regarded as the terpinolene form of citronellal, is prepared 
by oxidising rhodinol {p. 201) {Doeuvre, Bull. 45 (1929), 1098; Parf. France 12, 
197; Bogert, Am. 52, 4093). It differs from citronellal chiefly by forming under 
the influence of AcgO, not isopulegol, but the cyclic ketone menthone (p. 230); 
this reaction also takes place when rhodinol is oxidised with CrO.,. Rhodinal 
and menthone can be separated by means of the semicarbazone of the former 
(but cf. Tienmnn, Ber. 30, 38). The following formulae show the course taken 
in the two isomeric changes: 
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The oxime of rhodinal undergoes a similar isomeric change into menthone- 
oxime with acetic anhydride. Conversely, isopulegol has been converted 
into citronellol by means ofNaOEt, and into citronellal hy hco,! {OrigTiard, 
C. r. 190, 1164). When menthone is exposed to light in aqueous-alcoholic 
solution, the ring opens and an unsaturated aldehyde CjoHigO is formed; 
this is very similar to citronellal, but has a lower b.p. (196® as compared with 
203—204® uncorr. for citronellal) {Ciamician, Ber. 42, 1610). This aldehyde 
does not seem to be identical with the aldehyde obtained from menthone- 
oxime (p. 232) which is called ^^mentho-citronellaV' by Wallach (Ann. 296, 131). 
Rhodinal chlorohydrin has been used for the synthesis of Tiemann's irone 
(p. 127) {Verley, Bull. 2 (1936), 1206). For hydroxy-citronellal, which is 
industrially important because of its odour of lime-blossoms, see Somet, 
Revue chim. ind. 37, 74; Fornet, C. 1936 I 3860. 

Citral, CioHjgO, is a mixture of much of the terpinolene form MegC: CH • CHg 
• CH 2 *CMe:CH*CHO with a little of the limonene form CHg: CMc • CHg • CH, 
.CHg-CMerCH-CHO, b.p. 228-229®, b.p. 114.6-116.6®/16.6 mm, dp 0-8897 
{Auwers, J. pr. 84, 14). 

It is a pale yellow oil smelling of lemons; it occurs in lemon oil, verbena oil 
and abundantly in lemongrass oil, from which it is extracted commercially, 
and in many other essential oils. It is formed in the oxidation of geraniol 
{Bouveault, Bull. 3 (1908), 119) and has been synthesised by distilling geranic 
acid (see below) with calcium formate {Tiemann, Ber. 31, 827). When the 
aldehyde group is reduced, a mixture of geraniol and nerol is obtained {Ponn- 
dorf, C. 192611983); catalytic hydrogenation gives various products according 
to the conditions: dihydro-citral (Germ.Pat. 298,193; Skita, Ber. 42, 1634), 
tetrahydrocitral, tetrahydro-geraniol (/pa^iev, Ber. 45,3221) and 2,6-dimethyl- 
octane {Skita, Ber. 44, 669). For synthetic dihydrocitral see Swiss P. 
122,610-3, 123,448/9. 
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Natural citral consists of two geometrical isomers, citml a or geranial 
and citral b or neraly each of which is a mixture of the terpinolene and the 
limonene forms. For their configurations see Kiahnery C. 1923 III 669. 

C«Hii.C.CH 3 CeHnC.CHa 

hIjCHO OHcliH 

Citral a (Oeranial) Citral b (Neral) 

The two isomers can be separated by means of the different solubility 
of their semicarhazones, in.ps. a 164®, b 171®, or by their different reactivity 
towards cyanacetic acid, with which they condense to give the citrylidene- 
cyanacetic acidSy viz. geranylidene-cyanacetic acid m.p. 122 ® and nerylidene- 
cyanacetic acid m.p. 96® {Tiemanny Ber. 22, 116; 83, 877). They can be con- 

alkall 

verted into one another: citral a ^ ^ citral b. With )5-naphthylamine 

acid 

and pyruvic acid citral condenses to give a characteristic derivative, citryl- 
nnphtho-cinchonic acid (vol. TV), m.p. 197® {DoehneVy Ber. 81, 3196; 
Tiemann, Ber. 31, 3324). Like cinnamaldehyde (vol. HI), citral combines 
with bisulphites to give not only the normal bisulphite compound, but also 
salts of tetrahydro-citral-disulphonic acid by addition of 2 NaHSOg to the 
ethylenic double bonds. When boiled with aqueous sodium carbonate citral 
breaks down into methylheptenone (sec above) and acetaldehyde {Verleyy 
Bull. 17 (1897), 176), and it is oxidised by ozone to acetone, laevulinic aldehyde, 
and possibly glyoxal {HarrieSy Ber. 40, 2823). When treated with KHSO 4 , 
HT, AcOH and other reagents it loses water and gives cymene. Under special 
conditions it undergoes ring closure to -dehydro-isopulegol (Zeitschely J. 
pr. 188, 370). Those derivatives of citral in which ring closure to cymene is 
impossible, such as citrylidene-aniline (Germ.Pat. 123,747), citrylidene-acetic 
acid, citrylidene-cyanacetic acid, citrylidene-acetoacetic ester, etc. give with 
cone. H 2 SO 4 or H 3 PO 4 {Tiemanny Ber. 33, 3720) two derivatives of 2 , 6 , 6 -Me 3 - 
tetrahydro-benzaldehyde, a- and ^-cyclocitral. 
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a-Cyclocitral, CjoHieO, b.p. 76-77®/10 mm.; n\5 1-4744; d 0.925-0-030, 
semicarhazoncy m.p. 204—206®, and ^-Cyclocitral, b.p. 90—92®/10 mm.; 
n^ 1-4966; dj*»® 0-9666 {Kuhuy Ber. 69, 1666), aemicarbazone m.p. 167®, 
oxime m.p. 84®, the products of this ring closure of citral derivatives, are 
also obtained by oxidising the cyclogeraniols (p. 203). /5*Cyclocitral has 
also been prepared by partial catalytic reduction of safranal (p. 124) {KuhUy 
Ber. 67, 366). The percentage yield of a- and ^-cyclocitral varies with the 
method of preparation; for their separation see Germ.Pat. 139,967 and KuhUy 
Ber. 69, 1166. Both a- and /5-cyclocitrals are oxidised on standing in the air to 
the corresponding cyclogeranic acids (p. 207) and the /i-compound is dehydro¬ 
genated by S 0 O 2 to give safranal in small yield {KuhUy l.c.). For crystalline 
derivatives of cyclocitrals see Neubergy Biochera. Z. 92, 111. With acetone 
and NaOEt a-cyclocitral condenses to a-ionone, and /i-citral to /5-ionone 
(p. 126). Pseudo-ionone, CeHn-CMe : CH-CH : CH-CO-Me b.p. 167-168® 
23 mm. {TiemanUy Ber. 82, 829; 38, 882; AuwerSy J. pr. 84, 66 ), 

the condensation product of citral and acetone, undergoes a similar trans- 
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formation under the action of cone. H 2 SO 4 into the a- and / 3 -ionones (p. 126) 
{Hibhert, Am. 46, 119; Austrian P. 87,804). Methyl-pseudoionones see 
CherhuUerj Helv. 16, 191. — Methyl-ionone^ known commercially as iraldein, 
is prepared from a- and /?-cyclocitral {Koster^ J. pr. 143, 240). 

See further: cyclodihydro-myrcene (p. 200, Semmler^ Ber. 34, 3122), 
cyclogeraniol (p. 203), cyclogeranic acid (p. 207) and cyclogeraniolene (p. 95). 
Citrylidene-malonic acid is menthane-malonic-3-dilactone-l,4, see p. 139 
{Kuhn, Ber. 64, 1243). 

Reference should be made to two other isomeric 2 , 6 , 6 -trimethyl-tetra- 
hydro-benzaldehydes, although they are not genetically related to citral. 
They are called Zl®- and J^-cyclocitrals, and they have been synthesised 
from isophorone-carboxylic ester (I) (p. 139). This ester is reduced with 
Na -f EtOH to a mixture of geometrically isomeric hydroxy-acids (II), 
which lose water and give -cyclogeranic acid (III). With PClg isophorone- 
carboxylic ester is converted into d-chloro-cyclogeranioladiene-cxirhoxylic 
acid (IV), from wdiich, together with the /I®- and ^®-acids. A*-cyclogeranic 
acid (V) is obtained by reduction. 
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The A^- and /1^-cyclogeranic acids so prepared are converted, by the 
method described on p. 207, into zl®-cyclocitral b.p. 76®/12 mm. and 
Zl^-cyclocitral. For isomeric trimethyl-tetrahydro-benzaldehydes see Germ. 
Pat. 141,973, 142,129. Zl^- and zl®-Cyclogeranic acids see next page. 


(4) Olefinic Terpene Acids 

Citronellic acid, CjoHigOg, is a mixture of CHg: CMe • CHoCHoCHoCHMo 
.CH 2 COOH and MeaCrCH CH^CHaCHMcCHaCOOH, b.p. 143.50/10 mm. 
{Harries, Ber. 41, 2197). It can be prepared from its nitrile, which is obtained 
by dehydrating citronellal oxime {Zimmerman, Rec. 60,283). It is also produced 
by oxidising citronellal, into which it can be reconverted by distilling its 
calcium salt with calcium formate. It occurs in lemongrass oil, etc. {Naves, 
Parfums 9 (1931), 60) and its d,Morin is found in camphor oil {Rochussen, 
J. pr. 106, 120). It is formed in the clectrolytical reduction of giiranic acid 
{Renfold, Proc. Roy. Soc. N.S.W. 68 , 80) and its optically active forms can 
be converted by catalytic reduction into optically active tetrahydrogeranic acid 
(Germ.Pat. 298,193). Just as citronellol can be converted into rhodinol, so 
citronellic acid undergoes rearrangement into rhodinic acid when its esters 
are treated with HCl {Barhier, C. r. 167, 1114). Rhodinic acid is also 
obtained by oxidising rhodinol with chromic acid, d, /-Rhodinic acid 
results also from the reduction of geramc acid with Na and amyl alcohol 
( Tiemann, Ber. 31,2899). Rhodinic ester itself, when reduced with Na -j-EtOH, 
gives d, /-rhodinol (p. 201 ). 
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Geranic acid, C^Hi^Og, a mixture of (CH 3 ) 2 C:CH.CH 2 .CH 2 .C(CH 3 ):CH 
. COOH and CH^: QCHg) • CH^ • CH^ • CH* • C(CH 8 ): CH • COOH, b.p. 1630/11 mm., 
occurs in lemongrass oil {Naves, C. 1931II 330) and is prepared by oxidising 
citral, or synthetically from methyl heptenone (p. 203) with lodo-acetic 
ester or bromo-acetic ester and zinc (Barhier, C. r. 122, 393; Tiemann, 
B('r. 31, 825). Sulphuric acid converts it into the isomeric hydroaromatic 
cydogeranic acid (see helow). When heated at ordinary pressure, it gives 
geraniolene {Auwers, Ann. 387,183; Orign^rd, Bull. 46 (1929), 809), which 
is converted oy the action of sulphuric acid into the isomeric cyclogeraniolene 
(p. 95) {AmverSy ib. 186). For the catalytic reduction of geranic acid 
and its detection see Germ. Pat. 248,193, and Simonsen, Proc. Boy. Soc. 
N.S. W. 68 (1935), 80; for refractometric data Anwers, Ann. 432, 87. Dehydro- 
geranic acid C 10 H 14 O 2 , CMe 2 :CH.CH:CH.CMe:CH.COOH, m.p. 18fA occurs 
in nature {Cahn, J. 1931, 3134) and has heen synthesized from 2-methyl- 
butenal MeaCrCH-CHO {F.G. Fischer, Ann. 494, 263; Bcr. 68 , 1726). 

a -Cydogeranic acid, C 10 H 13 O 2 , formula (IT), m.p. 106®, b.p. 138°/11 mm., 
amide m.p. 121 ®, is formed together with the /?-acid when geranic acid is 
treated with 66—70®/o sulphuric acid below 0 ®, and is best prepared by heating 
geranic acid with anhydrous formic acid {Bemhauer, Forster, J. pr. 147, 199). 
Its diphenyl-amidine is reduced by Na -j- EtOH to cyclocitrylidene-dianiline, 
and this is converted by dilute mineral acids into a mixture of a- and 
/?-cyclocitral {Merling, Ber. 41, 2064, 2066). Its constitution is proved 
by its hydrogenation on Pd to l,3,3-trimethyl-cyclohexane-2-carboxylic 
acid m.p. 82—83® {Wallach, Ann. 418, 67), and by its degradation to a-acetyl- 

^-dimethyl-adipic mono-ester and )3-dimethyl-adipic acid [Tiemann, 
Bor. 31, 828; 33, 3713). For its behaviour towards HgO + Ig* Bougault, 
C. r. 160, 397. 

i3-Cyclogeranic acid, C 13 H 13 O 2 , formula (I), m.p. 93—94®, amide m.p. 202®, 
is formed together with the a-form by the ring closure of geranic acid 
described above {Tiemann, Bcr. 33, 3708), and also very easily by oxidising 
jS-cyclocitral; it can be reconverted into the latter through the diphenyl- 
amidine and cyclocitrylidcne-diamline CgHjg'CH; (NHPh)^ {Merhng, Ber. 
41, 2064, 2066). 
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zl®-Cyclogeranic acid, 2,6,6-trimethyl-A^-tetrahydrobenzoic acid, m.ps. a 76® 
and p 84®, from hydroxy-dihydro-cyclogeranic acid, has been used for the 
preparation of /l®-cyclocitral (p. 206) {Merling, Ber, 41, 2066). 


B. MONOCYCLIC TERPENE OR MENTHANE GROUP 
1. HYDROCARBONS 

This group includes various terpenes, some of which are optically 
active and others inactive or racemic mixtures: examples are limonene, 
dipentene, terpinolene, the a-, P- a,ndy-terpineries, a- emd p-phellandrene, 
all of which are dihydro-p-cymenes, and sylvestrene and carvestrene, 
which are dihydro-7i^-C3rmenes. The close relationship of the various 
terpenes is shown by their interconversions and rearrangements, 
and the majority of them has been prepared synthetically (cf. p. 198). 
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(a) THE LIMO]!«ENE AND DIPENTENE ©ROUP 

QJJ 0JJ QJJ 

limonene, CioHjg, CH^ o/ *Nch-c^ , is known in three 

CH 2 “""" 0 !H 2 Olig 

modifications: d-limonene, Mimonene and d,Z-limonene or dipentene. 

d-Limonene, formerly also called citrene, Tiesperidene, carvene, 
is, together with pinene, one of the most widely distributed terpenes. 
It is present in the oil obtained from the skin of the fruits from Citrus 
aurantium, Citrus sinensis and other citrus species, in the oils of berga¬ 
mot, lemon, caraway, dill, celery, etc. B.p. 176®, b.p. 71®/20 mm; df* 
0-8409; n|/ 1-4725; aD .20 -f 126® 8-4' {v. Braun, Ber. 56, 1563; Pad- 
marvahhan, Am. 57, 334) 1-Limoneno is found in the oil extracted 
from the Douglas fir (Pseudotsuga spp.) and from the silver fir 
(Abies pectinata), in elemi oil, Russian peppermint oil, in certain 
kinds of turpentine etc. B.p. 176®, [ajo — 123-7® (Dupont, Bull. 
35 (1924), 625), d]'"’ 0-8460. See p. 239 and Tchugaev, Ber. 33, 735 for 
the preparation of Z-limonene from cZ-carvone. 

Both limonenea are liquids with a pleasant smell of lemons. They differ 
from each other, as do their derivatives, only in the direction of their optical 
rotation. The two active limoncnes combine with dry bromine to give tetra- 
bromides melting at 104®, and having equal but opposite rotations of about 
[a]D — 74® (v, Braun, Ber. 56, 1662). Both optically active limonenes give 
with moist hydrogen halides the addition products of d, Z-limonene or 
dipentene. If dry HCl is passed through a solution of limonene in CSg, a 
monohydroohloride is obtained which can bo reduced with Na -f- EtOH in 
the cold to carvomenthene (p. 214) and which gives optically active a-terpineol 
when treated with dilute alkali or sodium acetate (Semmler, Ber. 36, 
1036; Wallach, Ann. 252, 144). In the catalytic hydrogenation with Hg 
on Ni as well as on Pd the first stage consists in saturating the double bond 
in the side chain, with the formation of carvomenthene (p. 214). In a second stage 
the fully saturated menthane (p. 215) is formed (Vavon, C. r. 168, 409; 
Kern, Am. 47, 1147). Dipentene behaves in the same way (Armstrong, 
Proc. Roy. Soc. 108, 121). Oxidation with perbenzoic acid takes the opposite 
course, attacking the ring double bond first and producing, from cZ-limonene, 
(Z-limonene-1,2-oxide, which has been converted, first into /l®(®)-menthene- 
1 , 2 -diol, then into menthane- 1 , 2 -diol, and finally into d-tetrahydro-carvone 
(p. 232) (Meerwein, J. pr. 113, 9). In the autoxidation of limonene both 
double bonds remain intact and d, l-carveol (p. 227) and d, l-carvone (p. 238) 
are formed (Blumann, Ber. 47, 2623). Ozonisation gives a normal ozonide, 
in which both double bonds are saturated; when this is decomposed and 
oxidised with CrOg, d-diacetylvaleric acid C 9 H 14 O 4 is obtained (Harries, 
Ber. 49, 1036; C. 1916 II 994). By gentle oxidation with KMn 04 limonene 
is converted into the tetrahydric alcohol Umonetritol ^ioBi 6 (f^R )4 (P* 223). 
When the optically active limoncnes are heated to a high temperature, 
dipentene and substances of high molecular weight are formed. For the 
behaviour of limonene towards CrOgClg see Sword, Chem. News 133, 1 ; 
towards HgOg m AcOH, id. J. 127, 1632. 

The nitrosochlorides of the limonenes deserve particular attention ( Wallach, 
Ber. 28, 1308; Baeyer, Ber. 29, 10; Lench, J. 87, 413). d- and Z-Liraonene 
form two nitrosochlorides each, which differ physically though not chemically, 
and which yield isomeric nitrolamines with bases and nitrosocyanides 
with KCN. 

a, d- and Z- Limonene nitrosochloride, m.p. 103®, [a]D zb 313®. 

/?, cZ- and Z- Limonene nitrosocbloride, m.p. 106®, [a]D= Jz240®. 

All the four nitrosochlorides, when heated with sodium methoxide, give 
carvoxime, m.p. 72® (p. 239), the Z-limoncne nitrosochlorides giving thocZ-oxime, 
and the cZ-nitrosochlorides the Z-oxime (see also Deussen, Ber. 43, 619). 
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d, Mimonene, dipentene, cinene, b.p. 175—176®, df 0*8390, 
1*4724. Dipentene is the principal constituent of the oil from 
Euihamia caroliniana (Russell, Am. 38, 1398) and occurs in camphor 
oil, in lemongrass oil, in the essential oil from EutJiamia caroliniana 
(Russell, Am. 38, 1398), in sulphate-turpentine oil (Raise, Ber. 50, 
627), in bergamot oil and other citrus oils (Holtz, Chem. Weekbl. 
17, 674; 18, 108, 302) and in many other essential oils. It is 
formed when d-limonene, Z-limonene, pinene or camphene are 
heated to 250—300® and is therefore present in the Russian and 
Swedish so-called “turpentine oils” which are extracted at higher 
temperatures. It is produced when caoutchouc is distilled ( 'I^tU- 
schin”) (Staudinger, Helv. 6, 785; 9, 549) and is a polymerisation 
product of the isoprene C^Hg (p. 345) formed in that distillation, 
together with other isomers and polymers (Wallach, Ann. 227, 295; 
Lebedev, C. 1918 1 1003; cf. diprene. Bell, J. 1927,1695). It is further 
obtained by mixing equal parts of d- and ^-limonene, and from 
pinene by the action of acids or by heating under pressure (Knecht, 
J. Dyers 41 (1926), 356; Kondakov, Parf. 19 (1926), 212). It is a 
dehydration product of linalool or terpin hydrate (p. 202 and 219) 
(Ono, BuU. chem. Soc. Japan 1 (1926), 248), a-terpineol (p. 223) and 
cineole, (p. 220) (id. ib. 2 (1927), 207). The synthesis of dipentene from 
the elements has been achieved through the synthesis of a-terpineol 
(p. 223), from which it is obtained by heating with potassium 
bisulphate (p. 138) (Perkin, J. 85, 654). 

Pure dipentene is prepared by heating its dihydrochloride with aniline, 
or with sodium acetate in AcOH. Pure dipentene i*? a liquid with a pleasant 
smell of lemons. Although more stable than most of the other torpenes, 
it undergoes isomeric change into terpinene (p. 210) when treated with alcoholic 
sulphuri(5 acid or hydrochloric acid. Dipentene is dehydrogenated by cone, 
sulphuric acid, or phosphorus pentasulphide, or by heating with sulphur 
(Brit.Pat. 206,248) and gives p-cymenc. Bromination of its dihydrobromide, 
followed by reduction also yields p-cymene (Baeyer, Ber. 31, 1402). The 
derivatives of dipentene can be obtained not only from dipentene, but also 
by mixing equal parts of the d- and Z-limonene derivatives. 

trans-Dlpontcne dihydrochloride, CjoHigClg, m.p. 60®, b.p. 110-112®/10 ram., 
from limonene, dipentene, pinene, Zl®-carene (p. 246) (Dupont, Ann. chim. 
(10), 1, 184) with HCl; cis-dipentene dihydrochloride, m.p. about 25®, from 
cineole with HCH-AcOH cooled with ice; trans-dipentene dihydrobromide, 
CioH^pBrj, m.p. 64® from limonene. dipentene, or terpin (p. 219) with HBr. 
cis-Dipentene dihydrobromide, CjoHigBrj, m.p. 38—40®, is formed, together 
with the trans form, by the action of HBr upon a cooled solution of cineole 
in AcOH; see also cis-terpin. Tetrahydro-dipentene tribromido, tribromo- 
menthane CjoHigBrg, m.p. 110®, from trans dipentene dihydrobromide with 
bromine and AcOH. Dipentene tetrabromide, CjoHigBr^, m.p. 124®; dipentene 
dihydrolodide, m.p. 77-79® (Baeyer, Ber. 26, 2864; 27, 443; 

Wallach, Ann. 239, 13; 264, 25; 281, 140, 143). 

a-Dipentene nitrosochloride, CioHjg(NO)Cl, m.p. 103—104®; see carvoxirae 
p. 239 (Wallach, Ann. 270, 176). 

,CH—CH^v .CHg 

Terpinolene, CHoC^ ^C=C^ , b.p. 186—187®, has not yet 

^CHa—CH/ ^CHg 

been identified in essential oils with certainty (but see Clover, Am. 39,613). It is 
formed when terpin hydrate, terpineol or cineole is heated with dilute H2SO4, 
and when pinene is treated with the concentrated acid. It can be prepared by 
treating a-terpineol (m.p. 36®) with hot aqueous oxalic acid, and the best 
method is to treat y-terpineol (m.p. 69®) with anhydrous formic acid ( Wallach, 

Bicbter-AnschUtz ii. 14 
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Ann. 276, 106; 868 , 11 ), although, because of its instability, it is very doubtful 
whether pure terpinolene has ever been obtained (see Marot, Bull. Pin 1988, 
38). Terpinolene combines with bromine to give a dihromide CioHieBr.j, 
m.p. 70®, and a tetrabromide, CioHieBr 4 , m.p. 116® {Baeyer, Ber. 27, 447), 
from which it can be regenerated in a state of great purity by reduction 
with zinc dust and alcohol. It adds on hydrogen halides to give dipentcne 
dihydrohalides. Terpinolene is one of the least stable terpenos and readily 
undergoes rearrangement in the presence of acids, the semicyclic double 
bond migrating into the ring with the formation of terpinene, 

(b) THE TERPINENE GROUP. — The name terpinene is used for 
the three following dihydro-cymenes {Wallach, Ann. 374, 224): 


CH3*CH*CH3 

j 

CH3.CH.CH3 

1 

CH3.CH.CH3 

1 

c 

1 

C 

hX^CH 

1 

C 

/X 

HaC CH 

1 1 

HaC CH 

X/' 

G 

1 

HC CH, 

\/ 

c 

II 

j 1 

HC CHa 

Y 

1 

CH3 

a-Terpinene 

II 

CH.a 

jS-Terpineno 

j 

CH3 

>'-Tcrpinene 


Of these, the a- and y-terpinenes have been found in essential oils, 
while /9-terpinene has hitherto only been prepared synthetically. 
Both the natural terpinene and the terpinene artificially prepared 
from other terpenes or terpene alcohols are in general a mixture 
of various amounts of a- and y-terpinenes, in which a-terpinene 
usually predominates. In chenopodium oil only a-terpinene {car- 
venene) seems to be present (Nelson^ Am. 42, 1204; Henry^ J. 119, 
1714; 127,1649), and in Spanish thyme oil (Schimmel dh f'o., Report 
1922, 69) and in samphire oil from Crithmum mariiimum (RiMer^ 
Ber. 60, 477) only y-terpinene (isocarvenene). A hydrocarbon 
CjoHi 6» b.p. 174®, which seems to consist essentially of y-terpinene, 
can be obtained from succino-succinic ester (p. 14t)) by rearrange¬ 
ment into l-methyl-4-i8opropyl-cyclohexadione-2,5, followed by re¬ 
duction and elimination of water (Baeyer, Ber. 26, 232; Harries, 
Ber. 36, 1170). 

Terpinene (a y), b.p. 179—181®, d^® 0*846 {Auwers, Ber. 42, 2426), when 
pure, has an odour resembling lemons and is optically inactive. It has been 
detected in cardamom oil, clemi oil, coriander oil, ajowan oil from Carum 
mpticum and C, Ajowan, of which the latter is particularly rich in y-terpinene 
{Richter, Ber. 60, 477). Artificially it is produced by boiling dipentene, 
phellandrene, terpinolene, sabinene, terpin hydrate, cineole, torpineol,. or 
dihydrocai*veol with dilute alcoholic sulphuric acid, or by shaking pinene with a 
little cone, sulphuric acid (Afwmyama, J. Pharm. Soc. Japan 1928 No. 498,46). 
Products rich in a-terpinene are obtained: (1) by reducing chlorocarvenene, 
from carvenone (p. 234) and PCI5, with Na EtOH {Semmler, Ber. 42, 
4171); (2) from carvenyl-amine (p. 228) by loss of NH 3 {Harries, Ber. 41, 
2616; Morell, Ann. 410, 76); (3) from methyl-dichloromethyl-ketodihydro- 
benzene (p. 119) with isopropyl-Mgl, and heating the resulting compound 
with alcoholic potash {Auwers, Ber. 48, 1366). The last method is a complete 
nuclear synthesis of a-terpinene and seems to yield the pure a-form. 
a-Terpinene from terpinene dihydrochloride has the following constants; 
b.p. 173*5 -t- 174*8®/766 mm., dj®»® 0*8376, nj}*’ 1*477; pure y-terpinene has 
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b.p. 1830/760 mm., djo 0.863, ny.* 1.4766 {Richter, Ber. 63, 1717, 1720); 
maleic acid adduct of a-terpinene m.p. 60—61® {M. Lipp, J. pr. 149, 120). 

A very characteristic derivative of a-terpinene is terpinene nitrosite^ 
CioHi 5 (N 02 )( :NOH), m.p. 166o, which is obtained by the addition of KNO, 
to a solution of terpinene in AcOH; it is used for detecting a-terpinene in 
essential oils. It is monomolecular and insoluble in alkalies, but with bases 
gives nitrolamines which dissolve in alkalies, e.g. with ammonia, terpinene 
iiitrolamine, CioHi 6 (NOH)-NH 2 , m.p. 118® {Wallach, Ann. 241, 320; Wieland, 
ib. 424, 92). Among the products of the catalytic hydrogenation of a-terpinene 
nitrosite 1,2-diamino-hexahydrocymene has been identified ( Wieland, Ann, 424, 
95), and this has been considered as evidence for the constitutional formula 
given above. y-Tcrpinene, when sufficiently pure, yields a nitroaochloride 
m.p. Ill®, converted by alkali into 2-azoxy-p-cymene m.p. 62—63® {Richter, 
Ber. 60, 477). Nitrol-piperidide m.p. 149®, nitrosate m.p. 116®. 

On oxidation with potassium permanganate, a-terpinenc gives a, a'-dt- 
hydroxy-oL-methyl-OL'-isopropyl-adipic acid, m.p. 189®, which can be further 
broken down to co-dimcthyl-acetonylacctone; the latter compound is also the 
product of the ozonisation of a-terpinene {Wallach, Ann. 362, 293; Auwers, 
Ber. 48, 1366): 

CHa—C(C3H7 )=:CH CHo—C(C3H-)0H—CO^H CH,~C0 . CH(CH 3 )o 

! I —> I —^1 

CH.,—C(CH 3 )^--CH CH.,—C(CH 3 ) 0 H—CO^H CH^—CO. CH 3 

/3-Terpiiicne, b.p. 173—174®, d 0*838 has been prepared from the conden¬ 
sation product of sabinakctonc (p. 240) with bromo-acetic ester and zinc, 
by removal of water and distillation of the resulting unsaturated acid 
C 9 Hj 4 : CH'COgH, m.p. 68 ®. It unites with bromine to a crystalline tetra- 
h'lomtde m.p. 156®, while y-terpinene yields a tetrabrornide m.p. 128® {Richter, 
Ber. 63, 1714) and a-terpmene only seems to form a liquid addition product 
with bromine {WallacK Ann. 362, 285; Schirnmel dc Co,, Report 1922, 68 ). 

y-Teipineno gives with KMn 04 an erythritol ^io^i 6 (^^) 4 ’ 237®, 

which is converted into a mixture of thymol and carvacrol w’hen treated 
with dilute H 2 SO 4 {Gildemeister, C. 1909 II 2159). 

Terpinene Bihydrohalides. —All three terpinenes unite with two molecules 
of hydrogen halide to form well-defined terpinene dihydrohalides, from which 
a mixture of a- and y-terpinene is regenerated by heating with aniline or 
alcoholic potash. The dihydrohalides are converted into terpinene-terpin 
(p. 221) and terpinenol-4: (p. 224) by shaking with dilute alkalies, and these 
compounds are isomeric with terpin and a-terpineol which are obtained 
from the dipenUme dihydrohalides by a similar reaction. The terpinene 
dihydrohalides resemble the corresponding dipentene derivatives in occurring 
in two geometrically isomeric forms, of which only the trans compounds are 
a solid at room temperature. They can be obtained, not only from the 
terpinenes, but with great ease by the action of the hydrogen halides on 
the bicyclic hydrocarbons, sabinene and thujene (p. 241), and by treating 
terpinene-terpin (p, 221) and the terpinenols (p. 224) with a hydrogen halide 
in AcOH. trans -Terpinene di hydrochloride, dihydrobromide, and dihydriodide 
melt at 62®, 69® and 77®. A terpinene monohydrochloride, CioH^Cl, 
b.p. 87—92®/12 mm., can be obtained from terpinene and sabinene with 
completely dry HCl in CSg. It corresponds to terpinenol-4 (p. 224), since 
it is reduced by Na and alcohol to carvomenthene (p. 214) {Semmler, Ber, 
40, 2969). 

(c) THE PHELLANBRENE GROUP. — a- and d-Phellandrene are 
two isomeric dihydro-p-cymenes, which have the distinctive property 
of combining very easily with nitrous acid to give well characterised 
pseudo-nitrosites (nitrites) (p. 199). The phellandrenes are two of 
the most unstable terpenes and are easily converted into other 
terpenes, such as dipentene and terpinene, by the action of acids. 
Their addition products with bromine and the hydrogen halides 

14 * 



212 


MONOCYCLIC TERPENES 


are all liquids, and since they cannot be regenerated from the 
crystalline pseudo-nitrosites, they have not yet been obtained in 
a pure state. 

CH—CH 

a-Phellandrene, CH.-c/ ^\CH-CH(CH 3 ) 2 . is optically 

\ch^ch/ 

active and has been found fairly often in essential oils, both in its 
dextrorotatory and its laevorotatory forms, d, a-Phellandrene has been 
isolated from the oil of bitter fennel {Foeniculum tmlgare), oil of elemi {Wallach^ 
Ann. 246, 233), schinus, and ginger grass oils; a-jihellandrene in Australian 
eucalyptus oil from Eucalyptus amygdalina and in Chinese star aniseed oil from 
lllicium verum. dl, a-Phellandrene has been synthesised from the condensation 
product of 4-isopropyl-z12-cyclohexenone (p. 115) and MeMgl by loss of water 
{WalUichy Ann. 2^^, 233; 359,286; Mead etaL, J. 1936,1595) and it is also formed 
together with d^ /-piperitol by treating d^ Z-pip(‘rityl-trimethylammonium 
iodide with AggO and water {Meady J. 1930, 2770; Shenvood., J. 1931, 3340). 
d, a-Phellandrene is obtained from chloro-phellandn'nc', the product of the 
action of PClg upon carvotanacetone (p. 234), by reduction with Na -f- EtOH 
{Harries, Ber. 38, 1832; Rend, 1. c.). On oxidation with KMnO^, a-phellan- 
drene gives a-hydroxy-/3-isopropyl-glutaric and isopropyl-succinic acids. It 
is reduced to carvomenthene (p. 214) by Na -I- EtOH {Semmler, Ber. 36, 1740) 
Unlike /3-phellandrcne it does not give a crystalline nitrosochlonde {Frances- 
com, Gazz. 46 I 110). Tt is a poison paralysing the heart {Mac Pherson, 
Med. Australia 2 (1927), 108). 

Dihydroxy-phellandrene, CioHigOg, m.p. 168®, has been detected in the 
essential oil of Manila elemi resin {MladenovU, Mo. 64, 177; Bull. Yoiig. 5, 
(1936), 142). 

The bimolccular a-phellandrene nitrite obtained with nitrous acid (see 
below) is known in two forms which are probably gc'ometrical isomers: 
a-phellandrene-oL-nitrositem.p. \2{)—121^ {Smith, J. 126,930) said a-phellandrene- 
p-nitrosite, m.p. 105®. Both, when reduced with zinc and AcOH, give 
OL-phellandrene-diamine CioHjg(NH2)2 b.p. mm., which shows that 

both nitrogen atoms are linked to carbon. It does not give nitrolamines 
with bases, like the normal nitrosites. With sodium alcoholate it loses hypo- 
nitrous acid and forms nitro-oL-phellandrene, b.p. 125—129®/9 mm., which 
can be reduced with zinc and glacial acetic acid to active carvotanaejitone, 
and with sodium and alcohol to tetrahydrocarvone {Wallach, Ann. 336, 0 ) 
and carvomenthol {Paolino, Lincei 30 11 265, 313). 
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/CH2—CHo. /CH3 

/3-Phellandrene, CH 2 =^C<; , b.p. 169-171®, b.p. 

\CH=CH/ \CH, 

67®/ll mm., occurs in a dextrorotatory form in the oil of water fennel from 
PheUandrium aquaticum {Francesconi, Gazz. 46 I 119; Nelson, Am. 42, 1286) 
and in small quantity in schinus oil, together with a-phellandrene. It oxidises 
very readily in the air, splitting off the semicyclic CH 2 group and giving 
4-isopropyl-cyclohexene-2-one-l {Wallach, Ann. 343, 29). On oxidation with 
a very dilute permanganate solution a glycol, CioHig(OH) 2 , b.p. 150®/10 mm., 
is formed, which on treatment ^ith dilute sulphuric acid yields tetrahydro- 
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ciiminaldehyde, together with a dihydrocuminalcohol. More energetic action 
of KMn 04 gives a-hydroxy-j3-isopropyl-adipic acid: 

dig—CHa-COgH CHa—CHa—C: CHo CHa—CHg—CO 

I I I “ -> ! 

C 3 H,. CH—CH(OH). COaH C 3 H 7 . CH —CH- CH C 3 H 7 • CH- CH-=CH 

a-Hydroxy-^-isopropyl- ^-Phellandrene 4-lsopropylcyclo- 

adipic acid hexene- 2 -one-l 

CH2~CH2~C(0H) . CHaOH CHa—CHa—CH • CHO 

C 3 H 7 .CH CH- CH C 3 H 7 .CH CH—CH 

/i-Phollandrone glycol Tetrahydrocuminaldehydc 

This tctrahydrociiminaldehyde—^the position of the double bond is 
not quite certain {Wallach^ Ann. 840, 16)—seems to be identical with 
phellandral (p. 229), which occurs m nature together with jS-phellandreno 
{PenfohU J. 121, 26G). 

p-Phellandrene nitrite CflHi 4 (N 0 )CH 2 N 02 , bimolecular (p. 199), m.p. 98® 
(^-nitrosite) and 102 ® (a-nitrosite), is obtained by the action of nitrous acid 
and is reduced by zinc and AcOH to p-pheUandrene-diamine^ b.p. 134®/11 mm., 
and by Na and EtOH to cuminaldehyde. It is converted by NaOEt into 
nitro-p-phelktndrene C 40 H 15 NO 2 , and this is reduced by zinc and AcOH to 
dihydrocuminaldehyde (Wallach, Ann. 340, 1). In contrast to a-phellandrene, 
/?-phellandrene forms a crystalline mtrosochloride^ the two stereoisomenc 
forms of which melt at 101—102® and 100®; they are decomposed by AcOH 
into / 1 ’*’®-dihydrocuminaldehyd(\ carvacrol and cuminaldehyde {Franceswni, 
Gazz. 46 I ll9). 

j3,8(9).p.]||(»nthadienc, CjoHig, b.p. 184®, has been synthesized from -d®' 
tetrahydro-])-toluic ester with MeMgl (Perkin^ Wallach, J.07, 1A21; Semmler, 
Her. 89, 2686). It is formed in the reduction of pulegonc {Read, J. 1984, 
242), and, together with zl®’®(®)-p-menthadlcne, b.p. 173®, by pyrolysis of 
3,8-dihydroxy-p-menthane {Doeuvre, Bull. 58 (1933), 170). 

(d) THE SYLVESTRENE GROIIP comprises sylvestrene, which is 
optically active, and carvestroiie, the d,/“form of the former. Both 
carry the methyl and isopropyl groups in the ineta positions of the 
O-ring, and arc, therefore, derivatives of m-dihydrocymene. Because 
of the position of the double bonds and side chains and of their 
reactions sylvestrene and carvestrene might be called the limoiiene 
and the dipentene of the m-dihydrocymene series. 

Sylvestrene, zJ^’^(®)-m-mc??</Midte>ic, CjoHj^ 

CHg. C - -CH- OH. ClCHg): CHg 

I I 

CH 2 —CHa—CH 2 

b.p. 176®, docs not seem to occur in nature, but is formed from the /I®- and 
J'*-{;arene present (p. 246) during the process of extracting it from the 
essential oils {Simonsen, Rao, J. 123, 649; 127, 2494; Aschan, Svensk Kem. 
Tidskr. 39 (1927), 166; Semmler, Ber. 60, 1691; Aschan, Ann. 461, 1). Both 
a dextrorotatory ( Wa!!lach, Ann. 262, 149) and a laevorotatory form {Schimmel, 
Report April 1914, 61; Czerny, C. 1924 II 674) are known. Sylvestrene 
possesses a pleasant smell of lemons. Both forms have been synthesised by 
Perkin (J. 108, 2226) by treating d- and Lzl®-tetrahydro-m-toluic esters 
(p. 132) with MeMgl, and removing water. Addition of cone. H 2 SO 4 to a 
solution of sylvestrene in AcjO gives a deep blue colour {Herzenberg, Ber. 68 , 
2261). Carvestrene and dihydrobenzene (p. 96) behave in the same way, 
while other terpenes give a red or orange colour under these conditions. 

Sylvestrene is one of the most stable of terpenes, and cannot be trans¬ 
formed into isomeric terpenes either by heat or by acids ( Wallach, Ann. 239, 
28). On bromination of its dihydrobromide and subsequent reduction with 
zinc dust and HCl, m-cymene is obtained, while limonene, treated similarly, 
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gives p-cymene (see above). Sylvestrene is, therefore, the limonene of the 
in-dihydrocyinene scries. Like limonene, it forms dihydrohalides by addition 
of two molecules of hydrogen halides, but these, in contrast to the cor¬ 
responding limonene derivatives, are optically active, and active sylvestrene 
can be regenerated from them by heating with aniline or sodium acetate. 
When the dihydrohalides are treated with dilute caustic potash, alcohols are 
formed which correspond to terpin and terpineol, viz. sylveterpin, CioHi 8 (OH) 2 , 
m.p. trans 136®, cis 70—76®, and sylveterpineol, CioHi 7 (OH) b.p. 210® {Haworth^ 
Perkin^ WalUich, Ann. 399, 155); dihydrochloride CioHigC^* m.p. 72—73®; 
dihydrohromide^ m.p. 72®; dihydriodide^ m.p. 67®. Tetrahromide CioHj 2 Br 4 , 
m.p. 135®; nilrosochloride [CioHig(NO)Cl] 2 , m.p. 107® {WalUich, Ann. 252, 
160).—Catalytic hydrogenation of sylvestrene gives m-menthane (p. 216). 

Carvestreiie^ CioHje, b.p. 178®, is formed in the distillation of carylamine 
hydrochloride (p. 248); it is the racemic form corresponding to the active 
sylvestrene, and since it can be converted into m-cymene, it is the dipentene 
of the m-dihydrocymone series {Bdeyer^ Ber. 27, 3485; 31, 1406). For its 
blue colour with H 2 SO 4 , see sylvestrene. It has been synthesised from rac.- 
^2.tetrahydro-m-toluic’ester {Haworth, Perkin, J. 91, 480; 103, 2226). The 
dihydrochloride, also obtained by mixing d- and Lsylvestrene dihydro¬ 
chlorides, m.p. 62—63® {Simonsen, J. Ind. ch. Soc. 9 (1926), 133). Dihydro- 
bromide, m.p. 48—60®. Garveterpin, m.p. trans 127®, cis 94®. 

Biprene, A^'^^^)-m-Menthadiene, CjoHj, (p. 346) 

CH3.C . CHg- CH.C(CH3):CH2, 

Sh-CHj-CH, 

b.p.l76®, the polymerisation product of isoprene at ordinary temperature, 
gives carvestrene dihydrochloride and dihydrobromide with HCl and HBr 
(Aachan, Ann. 461, 1; Wagrier-Jauregg, ib. 488, 176). 

(e) HYDllOTERPENES. — The terpenes which have just been 
described are closely related to hydrocarbons containing two more 
hydrogen atoms in the molecule, which can be obtained from menthol 
and tetrahydrocarveol (p. 21(5 and 218), two secondary cyclic alcohols 
derived from hexahydro-p-cymene, by loss of water ; these hydro¬ 
carbons are menthene and carvomenthene. Hexahydrocymenes 
containing four H-atoms more than the terpenes also belong to the 
hydroterpenes. 

CaTTomcnthene, A^-p-menthene, CjoHig (formula p. 216), b.p. 176®. Its 
formation from limonene or terpineno monohydrochloride by reduction with 
Na -f- Eton (p. 208), from a-phellandrene with Na and amyl alcohol (p. 212), 
and from limonene or dipentcmc by partial hydrogenation (p. 208) has al¬ 
ready been mentioned. The products are more or less optically active, 
depending on the method of preparation. Nilrosochloride, bimolecular, m.p. 
87® {Semmler, Ber. 40, 2961); nitroJbenzylamine, m.p. 107® {Vavon, Bull. 
15 (1914), 282). Oxidative degradation, see v. Braun, Ber. 62, 1067. SeOj 
oxidises carvomenthene to carvotanacetone {Tabuteau, C. r. 200, 244). 

Menthene, menthomenthene, A^-p-menthene, CjoHig, formula below, b.p. 
167®, d|® 0*8129, ng 1*46397, can be prepared from menthyl chloride with 
potassium phenate or from methyl menthyl-xanthate Cj^HigOCSSMe 
(Masson, Ber. 29, 1843; Tchugaeff, Ber. 82, 3332; 86 , 2481). It can be 
prepared from menthol by a large variety of dehydrating agents: heating 
with dilute sulphuric acid, or with oxalic acid, or with KHSO 4 , or B 2 O 3 , 
or passing menthol vapours over a heated dehydrating catalyst (Senderens, 
Ann. chim. (9) 18, 117; Hara, Mem. Kyoto 9, 406). Other methods of for¬ 
mation which should be mentioned are: the interaction of neomenthol with 
thionyl chloride (Zeitschel, Ber. 59, 2298) and the decomposition of the 
pyrazoline from carvenone hydrazone (Mereshkovski, Bull. 37 (1925), 1174). 
The different preparations are dextro- or laevorotatory in various degrees, 
depending on the starting md.terials and the method of preparation. 
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dJ,’Menthene has been prepared by elimination of water from the condensation 
product of 1,4-methyl-cyclohexanone with isopropyl-magnesium iodide 
{Perkin, J. 89, 839). Nitroaochloridee, bimolecular, see Baeyer, Ber. 29, 11; 
Auwers, ib. 42, 4906 footnote; Tckugaev, C. 1904 I 1347. 

The constitution of the two hydrocarbons follows from their relation to 
carvacrol and menthol. Carvacrol (vol. Ill) is easily obtained from a re¬ 
arrangement of carvone (constitution see p. 237) which on reduction yields 
tetrahydrocarveol (p. 218), an isomer of menthol. The constitution of menthol, 
on the other hand, is proved by conversion of the corresponding ketone, 
menthone, into 3-chloro-cymene and thymol. By removing water from 
these alcohols, or hydrogen chloride from their chlorides, two different 
tetrahydro-cymenes are formed: 

CHa—CH(OH). /CH 3 /CHg-—CH s .CH, 

€H.CH< -> CH 3 CH< >C.CH< 


CHyCH<^ 


-CH. 
Menthol 






CHj 


/ 


\CH, 


Menthene 


CH 3 .CH/ 


CH(OH)—CHa- 




CHa/ 


/CH 3 
^CH3 




Tetrahydrocarveol 


CHav /CH3 

CHa—CHa/ \CH3 


Car vomenth one 


When oxidised with potassium permanganate, menthene yields ( 1 ) menthene 
glycol (p. 221), (2) a kcto-alcohol b.p. 106°/13»6 mm, and (3) the tatty acids 
which are also obtained from menthone {Wagner, B. 27, 1636); carvomenthene 
yields ( 1 ) a ketone aldehyde CioH^gOa, b.p. about 12079 mm., ( 2 ) a ketonic acid 
CioHigOa, /3-isopropyl-(5-acetyl-n-valeric acid, b.p. about 175®/9 mm., and 
(3) /^-isopropyl-glutaric acid {Semmler, Ber. 40, 2959). 

/CHa—CHa\ yCHa 

zl^( 8 )- Menthene, dihydro-terpinolene CH 3 *CH<; >C : , 

^CHa-^Hj/ \CH3 

b.p. 173®, 0*831, has been obtained by decomposing pulegone hydrazono 

by means of NaOP]t {Semmler, Ber. 47, 387), and also from the conden¬ 
sation product of 1 , 4 -methyl-cyclohexanone with bromo-isobutyric ester and 
zinc by loss of water, and distillation of the resulting unsaturated acid. 
Nitrosochloride, m.p. 102®. On boiling with dilute H 2 SO 4 it rearranges into 
d, Z-menthomenthene (see above). In the same way the corresponding men- 
thenes of the o- and m-series have been obtained ( Wallach, Ann. 360, 70, 76). 
/CHa—CHa. xCHa 

zl®(®)-Moiithene, CH 3 -CH<; >CH-0< , b.p. 64®/14 mm. is 

\CHa—CHa'^ 

formed from dihydrocarvone hydrazone by the action of NaOEt, and also 
by reduction of isopulegyl chloride (p. 226) with Na -|- EtOH. On oxidation 
it gives hexahydro-p-acetyltoluene and hexahydro-p-toluic acid {Semmler, 
Ber. 39, 2682; 47, 384). 

_CH CH 

The saturated hydrocarbon, CioHao, CH 3 • CH<^ NcH • CH<^ , 

CHa"—"CHa CH3 

hexahydro-p-C 3 ^ene, p-menthane, menthonaphthene, which is the parent of 
the p-menthadienes and p-menthenes, has been prepared in various ways: by 
reduction of menthol with HI, or of menthyl chloride with Na and alcohol 
{Jungner, Ber. 29, 317; Kondakov, J. pr. 60, 268), by reduction of terpin 
hydrate {Schtschukarev, Ber, 23, R. 433), of terpineol {Haller, C. r. 140, 
1298) and of d-limonene {Smirnov, C. 1910 I 740), and by the distillation 
of colophony {Armstrong, Ber. 12, 1761); it is consequently present in resin 
spirit (p. 90). All these preparations, as well as those obtained in the 
catalytic hydrogenation of limonene, dipentene, menthene {Vavon, C. r. 
168, 409; Zelinsky, Ber. 67, 1070, 2068; Ann. 476, 60), are not uniform, 
but mixtures of geometrical isomers. If, on the other hand, p-cymene is 
hydrogenated under pressure with colloidal Pd as catalyst {Skita, Ber. 66 , 
148), the product is cis p-menthane, b.p. 168*6®, dj® 0*816, ng 1*46149, while 
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catalytic hydrogenation with Ni gives trans p-meMthane^ b.p. 161®, c2|® 0*792, 
1*43931 {RicMer, Bcr. 64, 876). 

m-MenthanOy b.p. 167—168° has been obtained from sylvestrene and from 
m-cymene by catalytic reduction (p. 91). o-Monthane, b.p. 171®. For the 
synthesis of the three cymenes and their reduction to the three menthanes 
see Sabatier, C. r. 156, 184. 


2. ALCOHOLS OF THE MONOCYCLIC TERPENE OR 
MENTHANE GROUP 

1(a). MONOIIYDRIC 4LC0H0LS OF MENTHANF. — Hexahydro- 
p-cymene, p-menthane, can give rise to two secondary alcohols. 
Menthol and totrahydrocarveol, which are position isomers, and three 
tertiary alcohols, also position isomers, which are known as “tertiary 
menthols”. No primary menthols are known up to the present. 
Secondary menthols. — Menthol, menth'icamphor, 5’methyl-2-iso- 

yCK^CUiOK). 

propylhexahydrophenol CHj CH<f >CH CH(CH 3 ) 2 . There 

\CH.. CHg/ 

are four possible racemic forms (cf. figure), each of which can be 
resolved into two optically active forms; two can be converted into 
menthone, and the two others into isomenthone {Zeitschel, Ber. 51), 
2298; Read, J. 1934, 1779) 


CH 3 

1 ^ 

CH 3 . H 

both 

OH, , H 

HO - 

i-ll 

It .. OH 

■ .0 

H 

4 -C 3 H 7 

H , C,H 7 

oxidised to 


1. Menthol, 1- d-. 

2. Neomcnthol, 


5. Menthone, Z-, d- 

and d, Z-form 

d; 1- and d, Z-forin 


and d, Z-form 

CH 3 

1 H 

CH 3 , H 

both 

CH, , H 

H- 

3 OH 

4 H 

HO H 

1-0 

C 3 H 7 - 

C 3 H 7 ,H 

oxidivscd to 

CaH, , H 

1 . Isoraenthol, d-,l- 

4. Neoisomenthol, 


6 . Isomenthone, 

and d, Z-form 

d-, 1- and d, Z-form 


d-, Z-, and d, Z-form 


The vertical lines represent the plane of the hexane ring, and the three 
points of intersection with the horizontal lines are the three carbon atoms 

I, 3, 4, which carry the substituents. 

Menthol has the configuration ( 1 ), with CHg trans to C 3 H 7 and 
OH trans to C3H7. Laevo-form m.p. 43^, b.p. 216®, [ajn — 49,04® (in 
52*37% alcohol); phenylurethane, m.p. 112®; hydrogen phthalate, m.p. 
110 ® unstable and 120 — 121 ® stable. It is the chief constituent of 
peppermint oil from Mentha piperita (Europe, United States) and 
Mentha arvensis var. piperascens (Japan). It is obtained, together 
with d-neomenthol, by reducing Z-menthone (p. 230) into which it 
is reconverted by CrOg. The dextro-form does not occur in nature, 
but has been obtained by resolving the racemic form {Pickard, 

J. 101, 109; Neuherg, Fermentforsch. 10(1929), 491; Read, J. 1931, 
188; Brit. Pat. 397,212; Bead, J. 1934, 1775) and from d-menthone 
and Z-isomenthone (Zeitschel, J. pr. 133, 368). dJ-Menthol, m.p. 
35*5—36*5®, phenylurethane m.p. 104®, hydrogen phthalate m.p. 132® 
(Swiss P. 126,585). Methods of preparation are given below. Cata¬ 
lytic dehydrogenation gives menthone, menthene or thymol, depend¬ 
ing on the conditions; dehydration yields menthene (p. 214), and 
catalytic dehydration menthene and menthane at 230®, while at 
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350® some methyl-cyclopentane is formed (Hara, Mem. Kyoto 9 
(1926), 405; Inoue, Bull. Japan 9, 353; Cusmano, Lincei ( 6 ) 4, 385). 

By oxidation with KMn 04 menthol is converted into oxanienthylic acid 

QJJ _QQ JJ 

CH 3 -CH<(^ ^ ^ , b.p. 174®/15mm. (Beckmann, Ann. 

\CH 2 ~CH 2 —CO. CH(CH3)2 

_0Q 

289, 362) and /9-methyladipic acid CH 3 *CH<^ ^ ^ , ra.p. 

^CHa—CH.,—COgH 

89® (Manasse, Ber. 27, 1818). 

Menthyl chloride CioHi 9 Cl, b.p. 204®. Ethyl ether, b.p. 212®. Ben¬ 
zoate, m.p. 54®. Methyl menthyl-xanthate, m.p. 39®, gives menthene 
on dry distillation (Tchiigaev, Bcr. 35,2473). The isovcderate, b.p. 126®/ 
10 mm., when mixed with 30% free menthol, is used under the name 
validol” as a sedative. Ghloromethyl-menthyl ether, 0 iqH 290 CH 2 ( 1 , 
b.p. 161®/!6 mm., obtained by the action of HCl upon a mixture 
of menthol and CHgO (Wedekind, Bcr. 34, 813), is used as an anti¬ 
septic under the name 'forrnan”. Menthyl cthoxyacetate (''coryfin”) 
and the citrate ("'nasal”, containing glycerol) are used as remedies 
for colds. — /-Menthol is often used for resolving d,/-acids, cf. 
Abbot, Ber. 70, 456. 

Ncomonthol, configuration (2), b.p. 212®/7()0 ram, d- and /-form 
both liquids, [a]i) I; 20-7® (Read, J. 1934, 1779) has a disagreeable, 
pungent odour (Zeitschel, J. pr. 133,367; Read, J. 1933, 167); phenyl- 
urethane, m.p. 108®. (1,1-Neomenthol, m.p. 51®, phenylurethane m.p. 
114®, hydrogen phthalate m.p. 177®. Japanese peppermint oil contains 
a small percentage of the d-forra. Neomenthol is formed together 
with menthol when menthone is reduced or hydrogenated, and is 
reconverted into menthone by oxidation. It loses water more 
readily than menthol, to form menthene, which also constitutes the 
chief product of the action of PCI 5 and of SOClg. For its separation 
from menthol by esterification see Read, J. 1934, 1779. 

Isomenthol, configuration (3), b.p. 218®, m.p. active 81*5®, d,/-form 
53*5®; [a]n ih 27® (in alcohol); hydrogen phthalate, m.p. active 
107*5—108*5®, d,/-form 107 108®, can be prepared from piperitone 
through the steps, isomenthone, isomenthone oxime and isornenthyl- 
amine (Read, J. 1927, 1276; 1933, 170; 1934, 1779). Isomenthone 
can be regem^rated from it by careful oxidation with CrOg (p. 232). 

Neo-isomenthol, configuration (4), b.p. 214*5®/760 mm., m.p. 
(d, /-form) 12—14®, hydrogen phtlmlate m.p. 90—92®, is obtained, 
together with the racemic forms of the other isomers, bv catalytic 
hydrogenation of thymol (Seel, C. 1928 I 376; Swiss F. 141,787). 
Active form see p. 232. 

The natural /-menthol m.p. 43® has valuable properties as an ingredient 
of medicines and cosmetics: it is a disinfectant, it has a refreshing taste and 
stimulates the excretion of bile. It has been found that of the isomers only 
the corresponding racemic substance has the same valuable properties (Flury, 
C. 1927 I 666; Seel, C. 1928 I 376; Schimmel, Report 1928, 114). Hence a 
number of processes have been worked out for the preparation of synthetic 
menthol, some of which give the racemic compound, and others a product 
which is slightly optically active. A few methods may be mentioned here; 

(1) Thymol is prepared by various methods from cymeno or ni-cresol, 
and then hydrogenated withNi under pressure (G.P. 432,802, 448,960,463,428, 
489,819, 608,893; B.P. 189,460, 213,991, 231,827, 238,314, 239,627, 270,283, 
288,122, 297,019, 298,600, 326,856, 326,216; P.P. 627,694; Swiss P. 139,068, 
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139,804; US.P. 1,768,257,1,769,648,1,776,087/8). In addition to d, (-menthol, 
liquid mixtures of its isomers are obtained, from which the former is isolated 
by fractional distillation and crystallisation; Swiss P. 126,686 makes use 
of the hydrogen phthalate. The isomers can be oxidised to a mixture of 
menthone and isomenthone which can be again subjected to hydrogenation. 
Another way of utilising the isomers and converting them into menthol 
consists in catalytic rearrangement, also with isomenthone and menthone 
as intermediate steps (B.P. 334,474; US.P. 1,773,600). The hydrogenation of 
sodium thymate gives a much smaller yield of the isomers (US.P. 1,867,880). 

(2) Pi'peritone (p. 233), which is available in quantity in eucalyptus oil 
from Eucalyptus dives and other species, is reduced to menthol either by 
catalytical hydrogenation, with isomenthone as an intermediate product 
{Bead, J.m7,1276; B.P. 213,991, 238,314), or with Na EtOH. The isomers 
which are formed together with menthol are transformed into the latter 
as described in the preceding paragraph. 

(3) Pulegone (p. 236) yields a slightly active menthone m.p. 34® {Simmich, 
C. 1927 II 2747). 

(4) p-MenthanoUS (see below) is easily available by catal 3 d)ic hydro¬ 
genation of a-terpineol. It is first transformed into J®-mentheno, and this 
into menthene oxide, either with perbenzoic acid or by adding to it HOCl 
and removing HCl from the adduct; then menthene oxide is caused to 
rearrange into menthone, which is reduced as in (1) {Kbtz, J. pr. 119, 1; 
G.P. 466,590, 489,816, 493,268, 493,482). 

(6) Citronellal is converted into isopulegol and this into menthol 
{Komatsu, Mem. Kyoto 11 (1928), 163). 

/CH(0H).CH2. 

Tetrahydrocarveol, CH 3 *CH<f >CH- 011 ( 0113 ) 2 , like menthol, 

^OHa- - OH3/ 

is known in four isomeric forms: carvomenthol and neocarvomenthol, and 
isocarvomenthol and neoisocarvomenthol. Mixtures of varying composition 
are obtained from tetrahydrocarvone, carvenone (p. 234) or carvotan- 
acetone (p. 234) by reduction in moist ether; also from nitro-a-phellandrene 
with Na Eton (p. 212) (Paolino, Lincei 80, 266, 313, 371), and from 
carvenone with Pd and Hg {Wallach, Ann. 414, 196, 201). 

d-Carvomenthol, b.p. 101'8—102®/14 mm.; dj® 0-9056; [a]D + 26-08® can 
be obtained (1) from d-carvomenthylaminc hydrochloride with NaNOj; 
(2) from d-dihydrocarveol with Hg and Pd in hydrochloric acid 
solution; (3) together with Z-neoisocarvomenthol by hydrogenating a methyl- 
alcoholic solution of d-cis-carveol by means of and Pd precipitated on 
CaC 03 ; (4) together with Z-neocarvomenthol by reducing Z-carvomenthone 
with Al-isopropoxide {Johnston, Read, J. 1985, 1138). When carvacrol is 
reduced with Ni and Hg, a mixture of racemic carvomenthols is obtained 
{Brunei, C. r. 145, 1427), which has been resolved by means of the strychnine 
salts of the carvomenthyl-hydrogen phthalates into four optically active 
components; these are two pairs of antimers {Paolino, Gazz. 55, 818). The 
constitution of carvomenthol follows from its relationship to carvacrol 
(vol. III). 

Tertiary menthols are obtained from their iodides, the addition products 
of menthene or carvomenthene (see above) and HI, with moist silver oxide 
{Masson, Ber. 29, 1844; Stephan, J. pr. 60, 269). It is a remarkable fact 
that the addition of hydrogen halides to menthene gives the same tertiary 
menthyl halides as are obtained by the action of the halides of phosphorus 
or the hydrogen halides on menthol or tetrahydrocarveol; secondary halides 
are only byproducts in the latter reaction {Kurssanov, C. 1923 HI 767). 

/CHg-UHg. 

Tertiary meiithol.4, CH 3 .CH< >C(OH).CH(CH 3 ) 2 , b.p. 100®/ 

20 mm., smells feebly of peppermint. It is also formed by the action of 
isopropyl-Mgl upon 1,4-methylcyclohexanone {Kay, J. 89, 839) and yields 
J4(8)-menthene (p. 216) on heating with KHSO4. 
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Tertiary menthol-l, CH, • C(OH)/ * *NoH • CH(CH,),, b.p. 

OR 2 di2 

101~102®/22 mm., is obtained from /^-terpineol by reduction with Pd 
and H 2 {Wallachf Ann. 881, 58), and, by enlargement of the ring, from 
dihydrofencholene amine with HNOg, and from the tertiary chloride obtained 
from dihydrofencholene alcohol and PCI 5 {Maxwell^ Ann. ohim. (9) 17, 332). 
Phenylurethane m.p. 100—101®. 


Tertiary menthol- 8 , 'p-menthanol-H^ dihydro-cc-terpineol (p. 224) 
/CH2—CH2V 

CH 3 .CH< >CH.C( 0 H)(CH 3 ) 2 , m.p. 36®, b.p. 209®/760 

^CH2-CH2'^ 


mm.. 


phenylurethane m.p. 117—118®, has been synthesised from hexahydro-p- 
toluic ester and McMgl {Perkin^ J. 87, 639). It occurs in American pine oil. 
together with a-tcrpineol, borneol and fenchyl alcohol {Zeitscheh Ber. 60, 
1372). (American pine oil is a wood turpentine oil boiling above 200®, 
and is the starting material in the manufacture of terpineol.) From the 
hydrogenation product of a-terpineol both the solid trans form and the 
liquid cis form b.p. 210® of dihydro-a-terpineol have been isolated. Phenyl- 
urethane of the latter: m.p. 90—92®. It is remarkable that the cis form has 
a disagreeable musty smell, while the trans form has a scent of flowers, like 
terpineol itself. 


1(b). DIHTDRIC ALCOHOLS. — This group includes the two 
terpins, cis terpin and trans terpin, corresponding to the cis and trans 
dipentene dihydrohalides, with which they are intimately related. 
The following formulae are assigned to them (Baeyer, Ber. 29, 5; 
Ginsberg, C. 1897 11 420): 


CH3.^^^CH2— 

H 0/ ^CHj—CH,/^ CS./ ^CH^—\C(CH,),OH 


cis-Terpin 


trans-Terpin. 


These are in agreement with the oxidation of terpin hydrate to terebic 
acid (p. 254), as well as with its formation from linalool (p. 202). 
Cineole (see below) must be regarded as the internal ether of cis-terpin. 


Terpin, J,8-terpin, cis-terpin, CioHi 8 (OH) 2 , m.p. 105®, b.p. 258®, readily 
absorbs water and is converted into a compound distinguished by its great 
ease of crystallisation, terpin hydrate, CipHi 8 (OH )2 4- HgO, m.p. 117® on 
rapid heating with loss of water, which sublimes at 100® and reverts to terpin 
when heated at 100® for some time. Terpin corresponds to cis dipentene 
dihydrobromide (p. 209), from which it can be obtained by treatment with 
dilute potash, or silver acetate in AcOH, followed by hydrolysis of the 
resulting diacctyl derivative with alcoholic potash. Terpin hydrate is also 
formed if turpentine oil is allowed to stand with dilute nitric acid and alcohol 
{Wallach, Ann. 227, 284), and also from dipentene and d-limonene with 
dilute acids. Terpin is probably an intermediate product in the rearrange¬ 
ment of a- and /?-pinene into dipentene which takes place in the presence 
of acids; it is stable to acids at low temperature, but loses H 2 O when heated 
{Aschan, C. 1919 I 284). Terpin is also formed when dipentene or d-limonene 
dihydrochloride are shaken with water, from a-terpineol (p. 223) and cineole 
(see below), and finally from linalool and geraniol (pp. 201, 202) with dilute 
acids. It has been obtained synthetically by the action of MeMgl on 
1,4-cyclohexanone-carboxylio ester {Kay, J. 91, 372). 

Aqueous hydrogen halides convert terpin hydrate into the cis and trans 
dihydrohalides of dipentene. When boiled with dilute acids it passes into 
terpineols {Baeyer^ Ber. 27, 443, 81^, cineole, dipentene, terpinene, and 
terpinolene {Robert, Bull. Pin 1927,163). — Terpin hydrate is an ingredient 
of various medicinal preparations, see e.g. Burkat, 0. 1936 I 3446. 
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trans-Terpin, CioHigCOH)^, m.p. 156-168®, b.p. 263-266®, is formed from trans 
dipentene dihydrobromide (see cis terpin), into which it is completely reconverted 
on treatment with HBr. It does not combine with w^atcr of crystallisation. 

Cinoole, 1,8-cineole, eucalyptole (I) CioHjgO, m.p. 1—1‘5®, b.p. 176®, 
d^® 0*929, nD 1*4559, a liquid with an odour like that of camphor, is the 
glycol anhydride corresponding to cis-terpin. It occurs in many essential 
oils: in olemn cincie, the wormsced oil from Artemisia cina^ in cajuput oil, 
eucalyptus oils, rosemary oil, sago oil, etc. It is separated from these essential 
oils by means of concentrated aqueous resorcinol, with which it forms an 
addition compound decomposed by alkali. Similar compounds arc formed 
with phenol, thymol, and pyrocatechol {Belucci, Oazz. 43 IF 712) and with 
certain other phenols {Morgan^ J. Chem. Ind. 64, 22). A yellowish green 
compound with lodole (vol. IV), m.p. 112®, is useful for identification. Further¬ 
more, addition compounds of cineole with HCl, HBr (m.p. 66®), HI -f Tg 
(Fromm, Ann. 406, 175, 181), phosphoric, arsenic, ferrocyanic, ferricyanic 
acids {Baeyer^ Ber. 34, 2689; PickardyS. 01, 896), zme chloride {Meerweiriy 
Ann. 466, 227), and BFg (id. J. pr. 141, 123) arc known. With hydrogen 
halides in AcOH cineole forms dipentene dihydrohalides; with HBr at a 
low temperature cis-dipentene dihydrobromide (p. 209) is formed. With 
acetic anhydride in the presence of H2SO4 or FeClg as catalyst, cineole breaks 
down into terpin diacetate CioHig(OAc)2, b.p. 145®/!4 mm., and terpinyl 
acetate CiqHj^OAc b.p. 104—106®/11 mm. (Knoevenagely Ann. 402, 111). 
Cineole is converted into cymene by the action of P2S5 and by distillation 
with zinc dust. Loss of HCl from a-terpineol nitrosochloride (j). 223) und(‘r 
carefully regulated conditions gives ketocineole oxime m.p. dd 140® and 
act. 168®, which can be converted into ketocineole (II) m.p. 42®, act. 50®; 
this, when heated with animal carbon and Pd to 230—250®, yields carvatTol 
quantitatively. Na + EtOH reduce ketocineole to hydroxyelneole, CjoHigOg, 
m.p. 108®, phenylureihane 86*5®, wdiich can be oxidised back to ketocineole 
by CrgOg (Ishidatey J. Pharm. Japan 48, 9). When ketocineole is 
oxidised in acid solution, homoterpcnyl-methyl ketone is formed (p. 223), 
while in alkaline solution the product is cineolic acid (III). This keto¬ 
cineole differs from camphor (p. 282) only in the one 0-atom inserted 
in the bridge and its reactions are somewhat similar to those of camphor; 
for example it can be converted, first into an isonitroso compound and 
then into diketocineolCf which is oxidised by KMn04 to cineolic acid (III). 
Diketocineole can be broken down to hydroxy-buchucamphor (hydroxy- 
diosphenol, see p. 237), and may be converted into dihydro-pinolone by a 
rearrangement of the ring {Cusmano, Gazz. 49 I 26; 63, 196; 66, 140; fjneei 
27 II 201; d'AmhrosiOy Gazz. 67, 717; but cf. Gandiniy ib. 64, 594). Po¬ 
tassium permanganate oxidises cineole (I) to cineolic acid (HI). The latter 
is converted, by heating to 160—166® with water, mainly into cinenic ttcirf(TV) 
and by boiling with 30% sulphuric acid into 1,5-dimethyl-]-hydroxyheptene- 
4-carhoxylic-l acid (V) {Jiupe, Helv. 17, 98); distillation of its anhydride 
gives methylheptenone (VI) (p. 203): 

(I) (II) (HI) 

CH2—CH-CH2 CH2—CH-CH2 CHg—CH.CO2H 

C(CH3)2 C(CH4)2 

6 o ^ 

Hj—C(CHa)—CH, CH,—C(CH,)—CO 6 h,—C(CH,) -COjH 


C(CH,), 

6 
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Cineolic acid (III), CioHieOg, ra.p. 197® decomp., anhydride m.p. 78®, b.p. 
167®/13 mm., gives 2,4-dimethyl-benzoic acid when heated with H2SO4 
{Rupe, Ber. 39. 4083). Cinenic acid (IV), CgHigOs, m.p. 84®, has been 
synthesised from the hydrate of methylheptenone by addition of HCN and 
hydrolysis. Concentrated H2SO4 converts it into (5-acetyl-a,a-dimethyl- 
valeric acid with migration of a methyl group {Rnpe^ Ber. 34, 2191; 39, 
4083; 41, 1278; Helv. 17, 98). 

As the dipentene dihydrohalides are related to ordinary terpin, so the 
terpinene dihydrohalides are related to 

/CHg—CHg. 

Terpinene-terpin, 14-terpin, CH3(HO)C< >C(OH) • CH(CH3)2, 

m.p. 138®, b.p. 260®, which sublimes on heating. It is formed by the action 
of dilute caustic potash on terpinene dihydrochloride, to which it reverts 
when treated with AcOH j- HCl. It is also obtained from sabinene, thujene 
and the terpinenols with dilute sulphuric acid. Another form, m.p. 116—117®, 
has been obtained by catalytic hydrogenation of ascaridole with Pd ( WaUach^ 
Ann. 356, 200; 392, 59). Both forms lose water when heated with oxalic acid 
and give terpinenols and 

/CH.,—CHg. 

l,4“Cineole, terpinene cineole, -O-^ C*011(0113)2, b.p. 173®, 

OH./ 

which has been detected in cubeboil(/S'iwion«e»,Chem.andInd.48,92T). Itgives 
terpinene dihydrobromide with HBr {WalUichy Ann. 356, 204), and the dibasic 
ly4-cineolic acM, m.p. 203® (p. 227) on oxidation with KMn04 {Maroty Bull. Pin 
1933, 30; Germ. Pat. 685,162. — For a dehydro compound see ButZy Am. 57, 1314. 

For sylveterpiny the meta compound corresponding to terpin, see p. 214 
and Perkiny J. 91, 480. 

3,4-Menthene glycol, OioHi8r3,41(OH)2, m.p. 77® b.p. 130®/13 mm., is 
obtained by oxidising /J®-menthene with KMn04 {Wagnery Ber. 27, 1636). 
An isomeric 3yS-menthene glycol CjoHi8|3,8](OH)2, m.p. 81®, b.p. 146®/10mm. 
is formed, together with isopulegol (p. 225), when citronellal (p. 203) is 
treated with dilute sulphuric acid; on abstraction of water it is converted 
into isopulegol {Barhiery C. r. 124, 1308; Wallachy Ann. 360, 103; Prinsy 
Chem. Weckbl. 14, (1917), 627). 

p-Menthanc-2,8-(liol, CioHi8[2,8J(OH)2, m.ps.: a-form, act. 113®; d,n 08-109®; 
jS-forni, act., 103®, is formed by reduction of hydroxy-dihydrocarvone, or by 
shaking dihydrocarveol (p. 225) with dilute H2SO4. When boiled with 25% 
H2SO4, it yields an oxide isomeric with cineole, dihydropinol, ^iqHis^’ ^‘P* ^3®/ 
9 mm, which combines with K3Fc(CN)3 to a crystalline comiiound {RupPy Ber. 
38, 1719). A compound stereoisorneric with p-menthane-2,8-diol, dihydro- 
piiiol hydrate, is obtained from pinol hydrate (p. 259) by hydrogenation on 
Pd, m.p. act. 158—159®, d, 1 139—141®. It differs from the hydration product 
of dihydrocarveol by forming tei’pinene dihydrobromide, m.p. 68®, wnth HBr 
in AcOH {Wallacliy Ann. 414, 195), a reaction which can only be explained 
by the assumption that two molecules of HgO are eliminated with the 
formation of terpinolone, which then takes up 2 HBr. For 2,4-menthanediol8 
see Hamdldineny Skand. Arch. Physiol. 27 (1912), 140; Wallachy Ann. 414, 201. 

I (c) TRIHTDRIC MENTHANE ALCOHOLS have been obtained by 
oxidising menthene alcohols with potassium permanganate. 

p-Menthane-2,8,9-triol, CioHi7[2,8,9](OH)3 (I), from dihydrocarveol 
(p. 226), is a syrup, and with dilute sulphuric acid yields an unreactive, 
unsaturated oxidCy C^oHigO, b.p. 96®/20 mm. (for its constitution see Semmlery 
Ber. 36, 766), while oxidation with chromic acid gives a ketonic alcohol, 
6-acetyl-hexahydro-o-cresoly m.p. 68® (II); this is oxidised further to hexa- 
hydro-m-hydroxy-p~toluic acidy m.p. 153® (III). The constitution of this last 
acid follows from its conversion by bromine into m-hydroxy-p-toluic acid, 
m.p. 203® (IV). These facts are evidence for the following constitutional 
formulae {Tiernann, Ber. 28, 2141): 
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p-Menthane-l,2,8-trio], dihydroxy-oL-terpineoly C,„H„fl,2,8J(OH)„ m.p. 
{dy 1) 122®, obtained from a-terpincol m.p. 36® (sec below) is converted into 
carvenone (p. 234) by dilutee sulphuric acid {Wallachy Ann. 277, 122; Slfivinski, 
C. 1918 I 920). Oxidation with Cr03 gives the ketolactone hoinoterpenyl 
methyl ketone (p. 223). 

p-Menthane-l,8,9-triol, CioHi7[l,8,9](OH)3, m.p. 118®, is obtained from 
/5-terpineol (p. 224). 

p-Meiithane-l,4,8-triol, CioHi7[l,4,8](OH)3 + HgO, m.p. (anhydrous) 
110 —112®, b.p. 200®/20 mm., is obtained from ^^»®-menthenol-l, or y-terpmeol 
{BaeyeVy Ber. 28, 2296; Henderson, J. 101, 2288, 2563). 

p-Meiithane-l,2,4-triol, CioH„[l,2,4](OH)3 + HgO (I), m.p. act. 117®, 
Stull 129^ &iid 

p-Menthane-l,8,4-triol, CiqHj7 [1,3,4](OH)3, (IT), m.p. 121®, are obtained 
by oxidation of terpinenol-4 and terpmenol-1. When heated with HCl, the 
former gives carvenone (III), and the latter Zl^-menthenone-3 (IV). Both 
are oxidised by KMn04 to a, a'-dihydroxy-a-methyl-a'-isopropyl-adipic acid 
(V) {dtlactone, m.p. 72®). These reactions are important for establishing 
the constitution of the terpinenols (p. 224) and of terpinene-terpin (p. 221) 
and are shown in the following scheme {Wallach, Ann. 356, 207; 862, 261): 


(III) CH3 (I) CH3 OH (V) CH3 OH (II) CHg OH (IV) CH3 

/\ X X X i 

CHj CO hY^HOH hY^COOH h, 

in, in Hji djH, h,(!; cooh"^ h,c choh’^Y do 

Yc,h, y y y y 

HoYcjH, HO^Yh, H(/Yh, d,H, 


* The asterisk indicates the C>atom to which the optical activity is due. 
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1(d) TETRAHTDRIC MENTHANE ALCOHOLS are formed when 
certain menthadienes are oxidised with potassium permanganate. 

Limonetritol^ CioHi8(OH)4, m.p. 192®, from d-limonene {Wagner, Ber. 23, 
2316; Tiemann, 28, 2149); p-menthaiio-l,2,4,8-tetrol9 m.p. (anhydrous) 150®, 
from terpinolcne (ifAnn. 368, 10); p-menthane-l,2,4,5-tetrol, m.p. 237®, 
from y-terpinene, yields a mixture of carvacrol and thymol when heated 
with dilute H2SO4 {Wallach, Ann. 362, 293; Oildemeister, C. 1909 II 2159). 

11. MENTHENE ALCOHOLS CioHj^OH give trihydric alcohols when 
oxidised with potassium permanganate (see above). 

Terpineols. —The commercial '‘"‘liquid terpineoV used in perfumery is 
obtained from terpin hydrate (p. 219) by removal of 2H2O with dilute 
mineral acids or aromatic sulphonic acids. It mainly consists of the two 
isomeric a- and /3-terpineols, m.ps. 36® and 32® {WaUach, Ann. 362, 269). 

a-Tcrplneol, -menthenol-8 CKyC<^ \CH*C(0H)(CH3)2, m.p. 

dd 36®, active 37—38®, b.p. 219®, d^^ 0-939. For the optical resolution of 
rf,Z-a-terpineol see Windaua, Z. physiol. Ch. 126, 299, 308; Fuller, J. 126, 
2304; Paolini, Gazz. 66, 804. a-Terpineol can also be obtained from limonene 
monohydrohalides {Semmler, Ber. 28, 2189; Wallach, Ann. 360, 154), from 
linalool {Wagner-Jauregg, Ann. 496, 52) and geraniol (pp. 201, 202). It has 
been synthesised by the action of MeMgl upon (1) /1^-tetrahydro-p-toluic 
ester {Fisher, J. 93, 1871); (2) nopinone, the bridge being broken in the 
reaction {Wallach, Ann. 360, 88); (3) zJ^-tetrahydro-p-acetyltoluene (p. 125) 
obtained from ^-terpineol {Wallach, Ann. 414, 206). It has a strong smell of 
lilac. a-Terpineol has been detected in quite a large number of essential oils, 
sometimes in its optically active and sometimes in its (Z,Z-form. It combines 
with nitrosyl chloride to a bimolecular nitrosochloride [CioHi7(OH)(NOCl)l8, 
m.p. act. 107-108®, d, I 113®. By removing HCl from this compound 
an hydroxy-oxime, 8-hydroxy-caryotanaeetone oxime, m.p. 134®, is obtained, 
which yields carvacrol and carvonc when boiled with dilute acids 
{Wallaxdi, Ann. 291, 342; 346, 127; 414, 269). This shows that in a-ter- 
pineol and in carvonc the carbon atoms are arranged in the same way. a-Ter- 
pincol nitrosochloride and limonene nitrosochloride (p. 208) are structural 
analogues {Baeyer, Ber. 29, 9). For ketocineole from a-terpineol nitroso- 
chloride sec p. 220 and Wallach, Ann. 414, 261. a-Terpineol phenylurethane 
m.p. active 109-5®, d,l 113®. a-Terpineol in reconverted into terpin hydrate 
by shaking with dilute sulphuric acid. Potassium permanganate oxidises 
a-terpincol (I) to p-menthane-l,2,84riol (p. 222) (II), which is further 
oxidised by chromic acid to a ketolactone, homoterpenyl-methyl ketone 
^10^16O3 (III), m.p. active 47®, d,l 64®. If this is again treated with KMn04 
it breaks down into acetic acid and terpenylic acid (IV) (p. 265) {Wallach, 
Ber. 28, 1773, 1779). a-Terpineol ozonide see Briner, Helv. 13, 1030. 
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When a-terpineol is heated with KHSO4 it gives dipentene, and with 
oxalic or formic acid terpinolene (p. 209) {Wallach^ Ann. 276, 104; 368, 10). 
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Conversely, limonene or terpinolene can be converted into a-terpineol by 
treating their hydrochlorides with Mg and Oj. JHhydro-a-terpineol see p. 219. 

/CHj—OH,. .CH, 

/?-Terplneol, CH,-C(OH)<^ ^CH-C^ , m.p. 

32®, b.p. 210®, 0*923, nitrosochloride (bimolecular) m.p. 103® ( Wallachy 

Ann. 345, 127) has not yet been found in essential oils, but is present in com¬ 
mercial terpineol {Stephan, Helle, Ber. 35, 2147). Phenylurethane m.p. 86 ®. 
Catalytic reduction leads to tertiary menthol-1 (p. 219). Oxidation with 
KMn 04 gives p-menthane-l,8,9-triol (see above), and further oxidation with 
chromic acid 4-acetyl-1,1-methyl-cyclohexanol; this can be converted into 
/ 1 ®-tetrahydro-p-acetyl-toluene (p. 125), p-acetyl-toluene, and p-toluic acid 
{Stephan and Helle, 1. c.; Wallach, Ann. 324, 79). For the synthesis of j3-ter- 
pineol, see Perkin, J. 85, 054. For its conversion into a-teriiineol through 
tetrahydro-p-acetyl-toluene, see Wallach, Ann. 414, 200. 

Qjj Q 2 J CH- 

y-Terpineol, Am-rnenthenol-l GHj-CiOH)/ ‘ “\c = C<f \ 

\CH,—CH./ ^CHj 

m.p. 09®, is apparently present in small quantities in “liquid terpineol” 
{Baeyer, Ber. 27, 816; Robert, Bull. Pin 1927,153), and probably also in the oil 
of Cupressus torulosa {Stmonsen, Ind. For. Kec. 10 (1923), pt. ]). Its acetate is 
obtained by treating tribromo-menthane or tetrahydro-dipentene tribromide 
(p. 209) w'ith AcOH and zinc dust. AeOH -| HCl convert it into a mixture 
of dipentene and terpinene dihydroehlorides {Wallach, Ann. 350, 100). It 
forms a blue nitrosochloride, m.p. 82®, with NOCl, like Me 4 -ethylene (For 
the nitrosochloride of y-terpinyl acetate see Germath, Am. Pharm. 99 [1927], 
402.) Consequently, it must also contain a tertiary-tertiary double bond. 
In addition, its OH group must be in such a position that dipentene dihydro- 
bromide can be produced with HBr. 


Terpinenols. —Just as ordinary terpin (p. 219) gives imsaturated 
alcohols by loss of one molecule of water, so terpinene-terpin (p. 221) 
gives unsaturated alcohols, which are called terpinenols {Wallach, 
Ann. 356, 206; 362, 261). 


CH CH 2 V XH, 

Terpinonol-4, A^-menthenol-4 CHyC<^ ^C(OH)'CH((^ , b.p. 

"'CHg—CH/ \CH2 

212®, is found as the J-form in cardamom and marjoram oils ( Wallach, Ann. 
350, 168; 356, 206), and in the Z-form in the oil of Eucalyptus dives {Schimmel, 
Report 1928, 50). It has also been detected in Spanish thyme oil, nutmeg 
oil, etc. d-Terpinenol-4 is formed by shaking sabinene or thujene with dilute 
HaS 04 ; sabinene hydrate (p. 241) must be assumed to be the intermediate 


product, which under these conditions is easily converted into terpinenol-4. 
a,Z-Terpinenol-4 is produced by the action of dilute caustic potash upon 
terpinene dihydrochloride, and from terpinene-terpm with aqueous oxalic 
acid. With the hydrogen halides in AcOH it yields terpinene dihydrohalides; 
with dilute H 2 SO 4 terpinene-terpin. On oxidation with KMn 04 p-menthane- 
1,2,4-triol (see above) is formed. Nitrosochloride, act., m.p. 115—116®; 
phenylurethane, act., m.p. 71—72®. 


/CHa CH. /CH 3 

Tcrpinenol-l, A^-menthenol-1 CH 3 -C(OH)<^ \C*CH<; , b.p. 

\CHa—CHa^ ^CHg 

209®, is found in the first runnings in the distillation of industrial terpineol, 
and occasionally in essential oils, e.g. in camphor oil. It has been synthesised 
from 4-isopropyl-cyclohexene-3-one-l (p. 116) and MeMgl {Wallach, Ann. 
362, 280). On oxidation it yields p-menthane-l,3,4-triol (p. 222). Menthone- 
enol, A^-menthenol-S see p. 231. 


Carvenol, A^-menthenoh2, b.p. 219—221®, is oxidised to carvenone (p. 234), 
from which, however, it has not yet been obtained by reduction. It has 
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been prepared by the loss of HoO from p-menthane-2,4-diol iWalUichy Ann. 
414, 202). 

,CH( 0 H)~CH 2 . .ch, 

Dlhydrocarveol, A^(*)-menthenol-2 GKyCK{ }CU-C<f 

\CH 2 —CH/ ^CHs 

b.p. 224®, d^® 0-937, no 1*48168, is a mixture of stereoisomers and is optically 
active, with a pleasant smell recalling that of the terpineols; it has been 
found in caraway oil {Schimmel, Report April 1005, 20) and, as acetate, 
in American spearmint oil; it is formed in the reduction of carvono (p. 237). 
Dry distillation of d-dihydrocarveol-methyl-xanthate gives Z-limonene and 
possibly, /-isolimonene {TchugaeVy C. 1908 I 1180). 

.CH—CH(OH). 

Piporitol, A^-menthenol-3y CH.-Cf >CH.CH(CH 3 )«, b.p. 

^CHg— 

96—96®/10mm, d^^ 0*923, occurs together with ^P-menthenone-3 (piperitone) 
in the oils from several species of the “peppermint group” of the genus 
Eucalyptus. On oxidation it yields pipcritonc, which can be reduced only 
in poor yield to pipcritol with A1 isopropoxide. It can also be obtained from 
piperitone hydrazone and from Z-piperityl-trimethylaramonium iodide with 
Ag 20 . In the last reaction a second geometrically isomeric form of piperitol 
is also formed which spontaneously loses water to give a-phellandrene {Ready 
J. 1930, 277; 1934, 308; Chem. & Ind. 49, 519). 

For carvotanacetol, A^-p-menthenol-6y see p. 235. 

/CH 2 —CH(OH). 

Pulegol, Am-rnenthenoU OHo-CH/ >C=:^C(CH 3 ) 2 , b.p. 

\CH., GVl/ 

91*6®/12mm, dj® 0*909®, is formed, in small yield together with menthols 
(p. 218), when pulegonc is reduced with the calculated quantities of Na and 
EtOH {Paohnoy Lincei (5) 28 11 190, 236), or in better yield by reducing 
pulegone with A1 isopropoxide {DoeuvrCy Bull. 2 (1936), 298). 

/CH^.CHCOH). .CH 2 

Isopulegol, Am^rnenthenoUS CHg-CH/ ^ , b.p. 

OII 2 -CH 3 

88®/l0mm,dJ® 0*911, ni^ 1*4716, is obtained by the rearrangement of citron- 
ellal under the action of acids {DoeuvrCy Bull. 63 (1933), 27, 170) (p. 203) 
and reverts to citronellal when heated {Orignardy C. r. 190, 1164; DoeuvrCy 
Bull. 63 (1933), 170, 589). The enol form of citronellal is possibly an inter¬ 
mediate in this reaction. Isopulegol has been found in some essential oils, 
but always together with citronellal, which seems to be its source in the 
plant. When heated with NaOEt in an autoclave, isopulegol is partly reduced 
to eitronellol and partly broken down into l-methyl-cyclohcxanone-3 and 
acetone {Schimmely Report October 1913, 80); pulegol is presumably the 
primary product of rearrangement in the decomposition. There are four 
possible geometrically isomeric forms of isopulegol, as there are of menthol, 
but only two are known, one /-isopulegol {hydrogem phthalatCy m.p. 106®), which 
has the same configuration as p-menthol, and one, d-a-isopulegol, which 
yields d-neomenthol with Pd and Hj, and therefore corresponds to the 
latter. Both forms of isopulegol are oxidised to the same isopulegone (p. 236) 
{Pickardy J. 117, 1248). 

^ JJ Q 2 J QJJ 

/l»-Meiithenol -8 CH,.CH<" ' Sc-C(OH)/ ’, m.p. 39», b.p. 

\CHj—CH/ ^CHa 

97®/14mm, is obtained by the action of MeMgl on /1®-tetrahydro-p-toluic 
ester or /j®-tetrahydro-p-acetyl-toluene {PerMuy Wallachy J. 97, 1427). 

CH=CHv /CH 3 

^®-Mentlieiiol-l CH 3 .C(OH)< >CH.CH< , b.p. 92®/10 mm, 

formed by interaction of 4-isopropyl-cyclohexene-2-one-l and MeMgl, loses 
water easily with the formation of a-phellandrene (p. 212) ( Wallach, Ann. 
359, 283). 


Elchter-Anschiltz ii. 


15 



226 


MONOCYCLIC TERPENE DERIVATIVES 


Menthofuran, CioHi^O (I), m.p.—IT®, b.p. 196®, d*® 0.963, 1.48619, 

[a]D “i- 93*4®, has been extracted from the oil of peppermint flowers and 
plays a large part in the pleasant smell of peppermint. Its solution in glacial 
acetic acid gives a characteristic blue colour when exposed to the air. 
Oxidation gives jfif-methyladipic acid, and reduction p-menthane, with (III) 
as an intermediate; the ozonisation of its brorao derivative (IX) gives 
monobromo-acetone and 2-bromo-4-methyl-cyclohexanone (II): 
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(V) (IV) 

has been synthesised ( 1 ) from the bromo 
derivative (IV) of isopulcgol with AggO by way of the dihydro compound (V); 
(2) from 4-methyl-cyclohexanone (VI) with bromo-propionic ester by way of 
the unsaturated acid (VII) and the lactone (VIII) ( Wienhaus, Z. angew. 
Ch. 47, 416). 
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Ascartdole^ CioHieOg. is a menthene peroxide 

.CH=CH, 


CH3 


CH, • (Z— 0 —• ch/ 

\CH,-CH,/ \CH, 

b.p. 108—110®/!6 mm, d^® 1.012. It is the very poisonous active principle 
of chenopodium or American wormseed oil. When it is heated to 160® a 
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violent reaction takes place resulting in complete rearrangement of the 
molecule {Thoms, C. 1930 I 1796) and the formation of an isomeric compound 
CioHie 02 * This must be 2 , 8 -oxido-l, 4 -cineole 9 since on hydration it yields 
chiefly l,4-oxido-p~menthane-2,3-diol CjoHjgOa, the constitution of which is 
proved by its oxidation to ascaridic acid= 1,4-cineolic acid (p. 221; Nelson, 
Am. 86 , 2521). As by-products, 1,2,3,4-teirdhydroxy-p-menthane and 2,3- 
oxido-p-menthane-l,4-diol are formed {Richter, Ber. 64, 878). 1,4-Oxido- 
p-menthane-2,3-diol can be converted into the yellow dihydroxy- 
thymoquinone, while catalytic reduction yields one form of 1,4-terpin 
(m.p. 116—117®) (p. 221; Wallach, Ann. 392, 69). 

111. MENTHADIENE ALCOHOLS.—^Pulegone-enol and Isopulegone-enol are 

discussed in connection with the corresponding ketones (pp. 236,236). Carveol^ 

/CH(OH)—CH^v 

A^H^).menthadie7ie-2-ol, CH 3 *C<^ contains two 

^CH CH./ 

dissimilar asymmetric carbon atoms, and hence should exist as two stereo¬ 
isomers, each of which should be resolvable. A d, Z-carveol, b.p. 226—227®, 
d^® 0*9578, n^5 1*4961, phenylureihane, m.p. 94—96®, is formed in the autoxid- 
ation of limonene together with d,Z-carvone {Blumann, Ber. 47, 2623; Treihs, 
lb. 61, 469), into which it can be converted by oxidation with CrOg. Re¬ 
duction of d-carvone with aluminium isopropoxide gives an optically active 
carveol {Ponndorf, Z. angcw. Ch. 39,138), which can be separated by crystal¬ 
lisation of the 3,6-dinitrobenzoate into d-trans-carveol (OH and C 3 H 5 on 
opposite sides of the ring), b.p. 102®/!0 mm, and d-cis-carveol, m.p. 24—25®, 
b.p. 101®/10 mm. Similar reactions from Z-carvone give Z-trans-carveol and 
Z-cis-carveol {Read, J. 1934, 233). Removal of water from carveol gives 
p-cymene; its hydrogenation leads to carvomenthol (p. 218). Carveol 
methyl ether, CioHigOMe, b.p. 208—212®, d'® 0*9066, n^ 1*47586, is obtained 
from limonene tetrabromidc by the action of sodium on its solution in MeOH. 
It is oxidised by chromic acid to d,Z-carvone \Wallach, Ann. 281, 140). 
Perillyl alcohol of. p. 229. 

3. BASES OF THE MONOCYCLIC TERPENE OR MENTHANE 

GROUP 

MENTHANE BASES are obtained by reducing the oximes of 
menthane ketones with sodium and alcohol or by heating the ketones 
with ammonium formate. All the four menthylamines CjoHigNIIo, 
/CHg * CHlNHg). 

CHyCH/ ^CH -CgHy, corresponding to the four 3-men- 

XCHg-CHg/ 

thanols (cf. diagrams p. 216), are known {Read, Storey, J. 1927, 
2168; 1930, 2761; 1934, 1779). 

Menthylamine (configuration 1), b.p. 81—82®/12 mm, is produced by re¬ 
ducing optically active menthone oxime with Na + EtOH; its rotp.tion is 
of the same sign as that of the original material, while a small quantity of 
isomenthylamine formed simultaneously, has the opposite rotation. Formyl 
compound m.p. active 102®, d,l 78®. With nitrous acid menthol is easily 
formed, the sign of rotation remaining the same. The formyl compound 
is also obtained together with other products (see below) by the action of 
ammonium formate on menthone. Phenylcarhamide, m.p. active 141®, 
d,l 162®. When the dibromyl compound of Z-menthylamine is treated with 
AgaO, it gives menthone l-menthylhydrazone, CiqHi3NH*N:CioHi9, m.p. 
92-93®, which can be hydrolysed to Z-menthylhydrazine, CiqHi^NHNHj, 
b.p. 241® {Kishner, J. pr. 62, 424). This compound is a valuable reagent for 
resolving racemic aldehydes and ketones {Neuberg, Ber. 36,1192). l-Menthyl- 
isocyanate CioHi 9 *N:CO, b.p. 110®/12 mm, can be used for resolving racemic 
alcohols {Neville, J. 86, 686 ); it has been obtained by treating Z-menthylamine 

15 * 
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with chlorocarbonic ester and fdistilling the resulting menthyl carbamio 
ester with P 2 O 6 . Another method of using Z-menthylamine for the resolution 
of an active alcohol is to treat the alcohol with chloracetyl chloride: the 
chloracetate formed reacts with menthylamine to give the ester of menthyl- 
glycine, C 10 H 19 NHCH 2 CO 2 R which can be separated by re crystallisation of 
the compound or of its salts into diastcreo-isomers {Read, J. 1034, 1775). 

Neomenthylamine (configuration 2, p. 216), b.p. 84®/13 mm, is obtained, 
as its formyl derivative, m.p. act. 118®, d,l 86 ®, from menthone and also 
from isomenthone, together with formyl menthylamine; Z-menthone and 
cZ-isomenthone give the cZ-forra {Wallach, Ann. 350, 278). Phenylcarbamide, 
m.p. act. 178®, d,l 184®. With nitrous acid the chief product is / 1 ®-menthene 
with a rotation of the same sign as that of the amine. By treating the dibromyl- 
amine with AggO, menthazlne CioHig—N-N—CioHig, m.p. act. 61®, has 
been obtained {Kishner, C. 1900 1 654). 

Isomenthylamine (configuration 3, p. 216), b.p. 87®/13,5 mm., has been 
obtained from isomenthone oxime with Na and BtOH, as in the preparation 
of menthylamine, and yields isomenthol with HNOg, all these substances 
having a rotation of the same sign. Formyl com/poand m.p. act. 45—46®, 
d,l 46—47®; phenylcarbamide act. and d,l m.p. 142®. 

Ncoisomcnthylamine (configuration 4, p. 216), b.p. 89®/14*5 mm., has 
been obtained as the d-form from the reaction product of ammonium formate 
and Z-menthone. Phenylcarbamide, m.p. 150®. The principal product of its 
reaction with nitrous acid is d-^®-menthene, as in the case of d-neomethyl- 
amine, since neomenthol and neoisomenthol, the alcohols first formed, lose 
water very readily. 

Caryomenthylamine^ tetrahydro-carvylamine , CioH.oNHs, 


/CH(NH2)*CHav 

CH3.CH< >CH.CH(CH3)2, 

\CH2 CH/ 


can exist in four forms corresponding to the menthylamines. Reduction of 
Z-carvomenthone oxime with Na and alcohol {Wallach, Ann. 277, 137; Brunei, 
C. r. 145, 1427) gives mainly <Z-carvomenthylamme, b.p. 89»8—90*0®/l6*5 mm., 
[a]^-h 12*47®, and some Z-neocarvomenthylamine, b.p. 87*8—88*0®/16 nim., 
[a]g—26*56®; both compounds are also formed in the interaction of Z-carvo¬ 
menthone and ammonium formate {Read, J 1934, 226; W. Huckel, Ann. 526, 
116). l-Isocarvomenthylamtae, m.p. 90®/16mm., [ajjj—14*7®, is obtained 
similarly from Z-isocarvoraenthone oxime, but noo-iso-carvomenthylamine 
is still unknown {Read, J. 1935, 1138). 


Tert. Menthylamine, GHa-CH; 


Carvomenthy]amine, CH 3 -C(NH 2 )^ 


Qjj_Qjj 

/ ^ '*\c(NH 2 )-CH(CH 3)2 and tert. 

\CH2— 

DHo—CHo 


■> 


CH.CH(CH 3 )a l^^ve been ob¬ 


tained by the interaction of menthene hydrobromide and carvomenthene 
hydrobromide with silver cyanate, and subsequent hydrolysis {Baeyer, 
Ber. 26, 2270, 2562). 

2,4-Diamino-menthane, CioHi 8 (NH 2 ) 2 , b.p. 121®/12 mm., from carvenone- 
hydroxylamino-oxime {Harries, Ber. 41, 2628). 

MENTHBNE BASES have been prepared by the [reduction of the 
oximes of menthene ketones. 


Carvenylamine, C 10 H 17 NH 2 , b.p. 86-89®/10 mm., from carvenone oxime 
with A1 amalgam, forms a hydrochloride which gives a-terpinene on distillaton 
{Harries, Ber. 41, 2624). Dihydro-caryylamine, CioH^NHa, b.p. 219®, d*® 
0*889, nn 1*48294, is optically active and is obtained by reducing carvone 
oxime in alkaline solution. Its hydrochloride decomposes when heated, 
rearrangement taking place and terpinene and cymene being formed {WaU 
Xadh, Ann. 368, 13). In the reduction of carvone oxime by AcOH, EtOH 
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and zinc dust, both double bonds are unattacked and carrylamine CiqHijNHj, 
b.p. 94“95®/32*6 mm., is formed. Benzoyl derivative^ m.ps. a 174®, p 110® 
{Mailhe, Bull. 33 (1923), 83; ilforcK, Ann.410, 70). Pulegrylamine {Beckmann, 
Ann. 262, 13; Wallach, Ann. 289, 337). DihydroperUlviainine: Williams, 
C. 1930 I 2086. 

Nitrolamines have been obtained from the nitrosochloridcs, e.g. from 
those of the limonenes, by the action of primary and secondary bases. 


4. ALDEHYDES OF THE MONOCYCLIC TERPENE OR 
MENTHANE GROUP 


Phellandral, A^-tetrahydro-cuminaldehyde CioHigO, b.p. 89®/5 mm., d*® 
0*9412, n|y 1*4912, occurs as the /-form in the oil of water fennel and of several 
sj)ecies of eucalyptus. Oxime, active, m.p. 87®; semicarhazone, active, m.p. 
204®. An aldehyde very similar to phellandral {semicarhazone m.p. 201—20^) 
has been obtained from phellandrene glycol {Wallach, Ann. 340, 15). When 
oxidised with KMn 04 , phellandral gives a dihydrie acid CgHi 804 , m.p. 72®, 
which IS thought to be the active j^-isopropyladipic acid (id. Ann. 343, 33). 
Phellandral is therefore given the formula (1), while (II) was attributed 
to cryptaL b.p. 98—100®/10 mm., d^® 0*9442, n^® 1*4380, the Z-form of 
which occurs together with phellandral and cuminaldehyde in the oils 
of Eucalyptus hemiphloia, polybractea and Bakeri. Oryptal has, however, 
been shown to be C 9 HJ 4 O, 4-isopropyl-/l^-cyclohexenone (p. 115), since oxi¬ 
dation of the dihydro i;oinpound gives )5-isopropyladipic acid {Cahn, Penfold 
and Simonsen, d. 1931, 1360; Berry, Macbeth and Swanson, J. 1937, 986). 


0 . XH- CH,. 

XM'U-Cf >CH—CH(CH 3)2 

^CHa—CHj/ 


H 


O. /CH=CH\ 

>CH—CH(CH3)2 . 
^CHg—CH/ 


Perlllaldchyde, -dihydrocuminaldehyde GioHiiGj 

Os /JH CH^s^ .CH, 

he —\CH—, b.p. 234-236®, occurs as the Z-form in 

IV ^CHs 

pcrilla oil and as the <Z-form in the oil of “false camphor wood” from 
liernandia peltata {Semmler, Ber. 44, 816). Semicarbazone, act. m.p. 200®, 
oxime, act. m.p. 101—102®. Cr 03 produces perillic acid m.p. 132®, dibromide 
m.p. 166—167®. The reduction of perillaldehyde with zinc dust and acetic 
acid gives porillalcohol CioHj^O, b.p. 119—120®/11 mm., in the form of its 
acetate, b.p. 123—126®/!3 mm.; a-naphthylurethane, m.p. 146—147®. It occurs 
)ii nature in the oils of gingergrass, spearmint, etc. Its chloride has been 
reduced to dipentenc by Na EtOH, w^hich proves its constitution (<Se 7 AmZcr, 
Ber. 44, 460). For syntheses with perillaldehyde, see Rutovski, C. 1928II2355. 
Bihydroperillyl alcohol see p. 122 . It is worth noticing that perillaldehyde 
and myrtenal (p. 260) occur together in **false camphor wood” oil. These two 
aldehydes are related in the same way as limonene and a-pinene. From 
the waiod of the American red cedar Thuja plicata an acid CioHi 202 , 
m.p. 88 ®, has been isolated which has been converted into cuminic acid, and 
for this reason and because of its ozonisation products has been formulated 
as a dehydro-perillic acid (p. 133). 

Cyclocitrals see p. 206. 


6. CYCLIC KETONES OF THE MONOCYCLIC TERPENE OR 
MENTHANE GROUP 

Ketones belonging to this group are found in plants; they can be 
prepared by oxidation of the corresponding secondary alcohols, and 
on further oxidation they give lactones and aliphatic carboxylic 
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acids; the structure of these degradation products provides valuable 
evidence for the structure of the cyclic ketones and their derivatives. 
Since these ketones contain asjrmmetric carbon atoms, they often 
occur in optically active forms. As with other ketones, the cyclic 
ketones of the terpene group are identified by means of their oximes 
and their sparingly soluble semicarbazones. 

I.KETOMKNTHANES, KETOHEXAHYDRO-p-CYMENES, CjoHieO.— 
p-Menthanono-3 is known in two stereoisomeric forms, menthone (I) 
and isomenthone (II), which have the common enolic form, 
menthenol’3 (III). Menthone is sterically related to menthol and 
neomenthol (p. 216), and isomenthone to isomenthol and neoiso¬ 
menthol (Zeitschel, Ber. 69, 2298). Menthone and isomethone are 
both known in d-, I- and d,i-forms. 


C 

(III) C,H, 

d; 

(II) 

C 

H,C^\C0 

i J. 

HjC/^C(OH) 

^ 



HaCv^^CHa 


C 

C 

c 





/-Menthone, b.p, 2107760 mm., d^® 0.8937, 1*44952, [aln — 28®, 

occurs in American, Russian and Japanese peppermint oils together 
with menthol, menthol esters, menthene and lirnonene. It has been 
prepared by oxidising /-menthol and d-neomenthol with potassium 
bichromate and sulphuric acid at a temperature not exceeding 50® 
(Beckmann, Ann. 260, 322), and by dehydrogenating /-menthol 
(Ponndorf, C. 192611983; Hara, Mem. Kyoto 9 (1926), 405; Cusmano, 
Lincei4 (1926), 385). c/-Menthone is seldom found in natural products 
(Murayama, J. Pharm. Soc. Japan 1921 No. 476), but can be obtained 
by oxidising /-neomenthol or (/-menthol (Read, J. 1929, 23), or by 
catalytic hydrogenation of cZ-piperitone (id. Ch. & Ind. 46, 871), a 
reaction in which /-isomenthone is also formed. Semicarbaz(me, m.p. 
act. 184®, d,l (a) 186® and d,l (fi) 161®. c/,/-Menthone has been obtained 
by similar methods, and also from menthene (Germ. Pat. 489,819, 
493,268, 493,482; French Pat. 723,395) and from pulegone (Doeuvre, 
Bull. 2 (1935), 298). For its industrial production, see menthol and 
Gorm. Pat. 512,719, 514,417. (/,/-Menthone has been synthesised from 
/5-methylpimelic ester by means of an internal acetoacetic ester 
condensation (p. 19), introduction of the isopropyl group and 
hydrolysis (Einhorn, Ber. 34, 3793). An optically active menthone 
is obtained when active 1,3-methyl-cyclohexanone, a decomposition 
product of pulegone (p. 235), is treated with sodamide and isopropyl 
iodide (p. 110, and Haller, C. r. 140, 130). For other syntheses of 
menthone see p. 138, and Kotz, Ann. 342, 306; 367, 209 and Sen, 
J. Ind. ch. Soc. 6 (1928), 609, an(i for its formation by the rearrange¬ 
ment of 3-menthene oxide see Kotz, J. pr. 119,1; French Pat. 723,395. 

With cold cone, sulphuric acid /-menthone rearranges into (/-iso¬ 
menthone (see below) (Beckmann, Ber. 42, 846), and the same re¬ 
arrangement takes place with alkalies or other catalysts, e.g. by 
heating with Cu (Komatsu, Mem. Kyoto 9, 23); the enolic form (III) 
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is the intermediate stage. The final product is a mixture of menthone 
and isomenthone in varying proi)ortion, from which menthone can 
be separated as semicarbazone. A similar mixture is obtained by 
the catalytic hydrogenation of compounds of the menthenone-3 
structure, such as piperitone, pulegone, and J^-menthenone-3. For 
a method of converting these mixtures into pure menthone see 
Bead, J. 127, 2782. 

Zl^-p-Menthenol-3 (III), the enolic form of menthone, is obtained 
as its acetate, b.p. 210—212®, (1) from menthone with NaOAc and 
AcgO (Mannich, Ber. 41, 570); (2) from menthone with organo- 
magnesium compounds and acetyl chloride (Grignard, Bull. Belg. 36 
[1927], 97). The free enol, b.p. 75-77®/2mm., dj* 0-893, niJ 1-45987, 
smells like menthone and at 8® combines with exactly 1 mol. of 
bromine. The rearrangement into the keto form begins spontaneously 
soon after distillation, and is instantaneous in the presence of alkalies 
or acids. 

For “normal menthone”, J-methyl-d-normalpropyl-cyclohexarume-S 
see Wallach, Ann. 414, 214. 

The constitution of menthonci (cf. p. 204) is known, not only from its 
synthesis, but also from the following facts: (1) It can be converted into 
3-chlorocymene; when menthone is treated with PClg, dichloro-hexahydrocy- 
mene is obtained, which gives tetrahydro-chlorocymene by loss of HCl; when 
this is dehydrogenated with bromine and quinoline, 3-chlorocymene is the 
product {Jiinger, Klages, Ber. 29, 314). (2) It can be converted into thymol: 
bromination of menthanc in chloroform giv(*s dibromomenthono CjoHuBrjO, 
m.p. 80®, which loses 2 HBr to give thymol {Beckmann, Ber. 29, 418). For 
the conversion of 2,4-dibromomenthonc into dihydro-camphorphorone, 
CgHigO (p. 66), semicarbazone, m.p. 198—199®, see Wallach, Ann. 414, 337. 

When reduced with Na + EtOH, Z-menthono gives l-menthol and d-neo- 
menthol (p. 216), and with ammonium formate the formyl compounds 
of the stereoisomeric menthylamines (p. 227) are formed. Oxidation 
of menthone with RMnO.! gives )3-methyl-adipic acid together with 
the ketonic acid, /S-mcthyl-d-isobutj^l-n-valcric acid, oxomenihylic acid, 
/CHgCOOH 

CH 3 -CH<^ , {Manasse, Ber. 27, 1820), while Caro’s acid 

^CH2CH2C0.CH(CH3)2 

gives the e-lactoiie of 2,6-dimethyl-heptaii-3-ol-7-carboxylic acid, 

/CHa—CO—O 

CH 3 -CH<; I , {Baeyer, Ber. 32, 3621; Doeuvre, 

^CHj—CH*—CH - CH(CH3)3 

Bull. 47 (1930), 323). With dilute nitric acid nitromenthone is formed, 
which can be reduced to aminomenthone {Konovalov, Ber. 31, 1478). With 
amyl nitrite and HCl menthone yields nitroso-rnenthonc and menthoximic 
acid m.p. 98®; the latter is the oxime of oxomenthylic acid {Baeyer, Ber. 29, 
27). When a solution of menthone in aqueous alcohol is exposed to light, 
the ring opens and 2,6-dimethyl-heptane-7-carboxylic acid MejCH-(CIL) 3 - 
CH(Me)-CH 2 COOH and an aldehyde CioH^gO are formed; the latter is possibly 
identical with the menthocitronellal (p. 204) obtained by a rearrangement 
of menthone oxime (see below) {Ciamician, Ber. 40, 2419). Menthone is 
oxidised by SeOj to buchu-camphor {Riley, J. 1932, 1876). 

With sodium and amyl formate menthone yields hydroxymethylene- 
menthonc b.p. 121®/12 mm. {Rupe, Holv. 9, 682). Benzylidene-menthone, 
m.p. active 61® and 47®, b.p. 189®/12 mm., can be reduced to benzyl-menthol 
b.p. 180®/9 mm., which can be oxidised to 6ewzyZ-mew/Aone b.p. 176—178®/10 mm. 
{Semmler, Ber. 87, 234; Boedtker, J. pharm. chim. (8) 6 (1927), 193). When 
an ethereal solution of menthone is treated with Na -f COj, a monocarboxylic 
and a dicarboxylic acid, m.p. (act.) 144®, are obtained; both of these are 
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probably derivatives of isomenthone {Gardner, J.97, 1760). 2-Methyl-menthone 
{aym. methyUmenthone) b.p. 96~97®/12-6 ram., is prepared by hydrogenating 
hydroxyraethylene-menthone; its tetraJiydro-pyrone compound melts at 
99--100®. 4-Mcthyl-menthone {asym. methyUmenihone) b.p. i00®/17 mm. *is 
obtained from menthone with NaNHg and Mel; semicarbazone m.p. 193—195® 
{Comuhert, Bull. 49 (1931), 1487). 

Menthone oxime, m.p. active 61®, d,l 82®, b.p. 260®, [a]i)-42®, undergoes 
the Beckmann rearrangement with PCI5 in chloroform, or with AcgO, or 
cone. H2SO4, to give menthone isoxime with a rotation of the same sign. 
This compound is the t-lactam of an t-amino-methyl-isopropyl-caproic acid, 
m.p. act. 119®, d,l 115®, b.p. 295®, [a]D-62.25® {Read, J. 127, 2782). With 
PgOg, both isomers give menthonenonltrile, C9H17CN, b.p. 225®, which is hydro¬ 
lysed to liquid menthonenic acid, CgHi^COgH, a compound with the same 
constitution as citronellic acid (p. 206), but not identical with it {Wallach, 
Ann. 879, 227). On reduction, menthonitrile yields menthonylamine, arul 
this, with nitrous acid, a mentho-citroncllol (see above) very similar to citro- 
nellol (p. 201) {Wallach, Ann. 296, 120; v. Braun, Ber. 62, 1301). See p. 227 
for menthylamine from menthone oxime. 

Isomenthone (formula II, p. 230) occurs as the Z-form in geranium oil from 
Reunion {Zeitschel, J. pr. 138, 365). It is obtained from menthone by the 
rearrangement mentioned above, and, together with menthone, from 
menthenone'3 by catalytic hydrogenation; it can be prepared absolutely 
pare from isomenthol by careful oxidation with CrOs. B.p. 212®, d.JJ 0*902; 
[a]i5-f 91-7®, n2o 146302 {Zeitschel, Ber. 69, 2298; Read, J. 1927, 1276); 
carhazone m.p. active 164®, d,l (a) 225®, d.l{p) 178® {Read, J. 127, 2782); 
oxime act. liquid, dd m.p. 99—100®; oxime hydrochloride m.p. active 132®, 
d,l 128®. d-lsomenthone-oxime hydrochloride is obtained by rearrange¬ 
ment of /-menthone-oxime hydrochloride in ether saturated with HCl 
{Hiraidzumi, C. 1931 I 1277). d,l-Isomenthone isoxime, m.p. 94—96®. Benzyl- 
idene-{d,l)-isomenthone b.p. 193-195®/!5 mm. {Read, J. 126, 129). Reduction 
of active isomenthone with Al-isopropoxide gives active neoisomenthol 
m.p. —6® (cf. p. 217); hydrogen phthalate m.p. 86—86® {Schmidt and Schulz, 
Schimmel Report 19M, 94; Read, J. 1934, 313). 


.00 - CHg. 

Tetrahydrocarvonc, carvomenthone CHa-CH^ >CH-CH(CHa)2, 

\CH2—CH./ 

b.p. 223®, d*® 0*904, nj) 1*45539, occurs as the ?-forra in the essential oil of 
Bluinea Malcolmii {Simonsen, J. 121, 876) and has been prepared from teira- 
hydrocarveol by oxidation (p. 218; Wallach^ Ann. 414, 203), from carvone by 
catalytic reduction {Armstrong, Proc. Roy. Soc. 108, 121, 1926; Ann. 469, 

195), and by reduction with sodium in moist ether (p. 237). It can also 
be obtained from carvacrol {Orignard, C. r. 186, 1522; Belg. 37, 41); 
and, together with carvacrol, from carveol and dihydrocarveol {Treihs, 
Ber. 60, 2336). Ruzicka (Helv. 3, 762) has synthesized it from a-raethyl- 
^'-isopropyl-pimelic acid. Its smell is reminiscent of caraway and pepper¬ 
mint. Semicarbazone m.p. active 194—195®, d,l 174®. 

Carvomenthone as ordinarily prepared is a mixture of the two possible 
geometrical isomers, and either of the two pure compounds gives an equili¬ 
brium of the two in presence of NaOEt or H2SO4. Pure /-carvomenthone, 
[a]D —7*6®, can be prepared by oxidising d-carvomcnthol or /-neocarvo- 
meiithol with CrOg {Read, J. 1936, 1138; W. Huckel, Ann. 626, 115) and 
/-isocarvomenthol gives /-isocarvomenthone [a]D —56»6®, similarly. The 
oxime of each of the carvomenthones occurs as two geometrically isomeric 
oximes, so that there are four carvomenthone oximes, two, m.ps. 100—101® 
and 30—32®, derived from carvomenthone, and two, m.ps. 04—66® and 
30—31®, derived from isocarvomenthone {W. Huckel, Ann. 626, 103). The 
oxime undergoes a Beckmann rearrangement with sulphuric acid, similar 
to that of menthone oxime, to give an isoxime, the e-lactam of p-isopropyl- 
e-aminohexane carboxylic acid {Wallach, Ann. 823, 323). Benzylidene 
compound, m.p. 176® {Wallach, Ann. 806, 266). Bromination results in 
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l,3-dibromo-inenthanone-29 CioHigBrjO, m.p. active 80-81®, d,l 66-67®, 
which with aqueous potash gives the same products as dibromo-menthone 
{Wallach, Ann. 414, 356), see also buchu-camphor p. 237. When oxidised 
with KMn04 or treated with amyl nitrite and HCl, tetrahydrocarvonc 
breaks down like menthone and ft-isopropyl-d-acetyl-valeric acid, 

HOgC— 

CH3.CO. \CH.C3H7, 

-CHg/ 

isomeric with oxomenthylic acid (p. 231), is formed. Energetic oxidation 
gives isopropyl-succinic acid. With Caro’s acid the e-lactone of iso- 
0-CO—CHgv 

propyl-heptanolic acid | \CH*C3H7 is formed {Bacyer^ 

CH3CH—CH2—CHg/ 

Ber. 29, 27; 32, 3629). Z-Carvomenthone [a]^—8*02® corresponds sterically 
to d-menthone. 

The isomeric Z-isocarvomcnthone, [a]g—56-5®, n^J 1*4558, corresponds 
to isomenthone and can be obtained by oxidation of Z-isocarvomenthol 
{Beady J. 1935, 1143). Catalytic reduction of d-carvono gives an equilibrium 
mixture of Z-carvomenthone and Z-isocarvomenthone {Ready J. 1934, 227), 
and the two ketones are interconverted by ctdd alcoholic NaOEt to an 
equilibrium mixture which contains 80% carvomenthone. 

IT. KETOMENTIIENES, KETOTETRAITYDRO-p-CYMENES CioHigO. 
—Ketonienthenes contain one double bond; some of them occur in 
nature and others are obtained by oxidation of the corresponding 
alcohols. 

CHj—CO. 

zl^-p.Monthene.3-ono CH3CH< ^C-CsH,, b.p. 213®, d^® 0*918, 

^CHa—CH^ 

nn 1*4720; its oximey *‘^nitro8o-me7ifheme^\ is obtained from menthene nitroso- 
chloride (p. 214) by removal of HCl (ir^ZZac^-, Ann. 305, 272; 362, 275). 

.CH CO. 

Piperitone, A^-p-menthene-S-oney CH3C<(^ NCHC3H7, b.p. 236®, 

\CH2—CH/ 

d|® 0*9331, n|® 1*4845. Its d-form, [a]^ 4- 49*13®, occurs in Japan peppermint 
oil and in the oil of Andropoyon iwara7icusa; its Z-forra, [a]]5—51*53®, occurs 
abundantly in the oils of many species belonging to the peppermint group of 
K^icalyptuSy from which it can be separated by means of its compound with 
orthophosphoric acid (Brit. Pat. 410,813; U.S.A. Pat. 1,960,134). Its smell is 
rc'iuiniscent of that of camphor and peppermint. It racemises when heated at 
ordinary pressure, and still more rapidly when treated with alkali, so that 
derivatives prepared from it are often found to have lost their activity. 
The dyl-semicarhazone occurs in two forms, m.p. a, 226—227®, 174—176®, 

both of which are decomposed into the same dyl-A^-me7itheno7ie-3 {Ready 
J. 123, 2267; Chem. & Ind. 42, 339). dyl-Oxime m.p. a, triclinic, 118—119®; 

monoclinic, 88—89®; both yield the dyl-oxime hydrochloridCy m.p. 157®. 
With an excess of hydroxylamine in alkaline solution two hydroxyla7nmo- 
oxime^s m.ps. a 176® and fi 186® are formed. Bisnitroso derivativCy m.p. 
97—98®. Bromo derivatives, Wallaxdiy Ann. 414, 287. Photo-polymerisation, 
Tteibsy Ber. 63, 2738; autoxidation id. ib. 66, 610. It gives addition com¬ 
pounds with sodium sulphite and bisulphite, and also with orthophosphoric 
acid; these can be used for its separation from mixtures. Its constitution 
is proved by its close relation to thymol, into which it is converted on boiling 
with EeCl8, and also by the products of its oxidation, which include a-hydroxy- 
a-methyl-a'-isopropyl-adipic acid, a-isopropyl-y-acetyl-butyric acid anda-iso- 
propyl-glutaric acid, and finally by its formation from 1,3,4-p-menthanetriol 
(p. 222) by heating with HCl(lYaZZacA, Ann.362,271); p-cymene is a by-product 
of the latter reaction. The first total synthesis has been carried out recently 
{Walker, J. 1935,1585) from Na-isopropyl-acetoacetic ester and /3-chlorethyl- 
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methyl-ketone by ring closure and hydrolysis. KMn 04 in neutral solution 
oxidises piperitone to diosphenol (buchu-camphor) {Stephan^ J. pr. 129, 145), 
and Oj in alcoholic alkaline solution first to piperitone oxide, and then to 
a hy(Loxy-cyclopentane-carboxylic acid, which loses water and gives 
piperitolenic acid (p. 68 ). 

The reduction of ^^-menthenone-3 with Na and EtOH does not give the 
corresponding alcohol (cf. Kimura, J. chem. Soc. Japan 33 [1930], 301 B), but 
a mixture of menthol and isomenthol {Read, J. 1927,1276), while in catalytic 
reduction isomenthone is the chief product, together with some thymol; 
the former can be converted into menthone by the action of alcoholic potash 
(p. 230) {Read et al., J. 123, 2916). zl^-Menthenone-3 is therefore industrially 
important as a starting material for the manufacture of “synthetic” menthol, 
and also of “synthetic” thymol. For its reactions with aldehydes see Earl, 
J. 1926, 2072; with Grignard reagents, Read, J. 1929, 2166; pyrolysis, 
Treihs, Ber. 61, 683. 


Bihydrocairone, A'^^)-menthene-2-orie CHjCH^ 


/ 


CO —CH. 


>H.o/ 


CH, 


b.p. 221®, 0*928, nJJ 1*4723, has been detected in caraway oil {Schimmel, 

Report April 1905, 20). The d- and i-forms can be obtained from the cor¬ 
responding dihydrocarveols by oxidation or from the carvone of the opposite 
sign of rotation by reduction with zinc dust and alcoholic potash ( Wattach, 
Ann. 279, 377); also by electrolytic reduction of carvoxime {Rupe, Ber. 47. 
2160). Semicarbazone, m.p. act. 189—191®, djl, 188®; oxime m.p. act. 88 ®, 
d,l 116®. Benzylidene compound b.p. 187—190®/10 mm. {Wallach, Ann, 805, 
268). When dihydrocarvone is boiled with FeCls, carvacrol is produced, 
cf. carvenone and carone. By successive oxidation with potassium per¬ 
manganate and chromic acid dihydrocarvone is converted into 2,5-methyl' 
acetyl-cyclohexanone (p. 222; Tiem^^nn, Ber. 28, 2147; Wallach, ib. 2704). 
Photolysis, see Ciamteian, Ber. 41, 1928. 

Carvenone (“carveol”), A^-p-menthene-2-one 

CO-CH. /CH, 

CH,-CH< V!-CH< 

\CHj—CH,/ \CH, 

b.p. 232®, d 0*927, np 1*4822, has been obtained by heating 1,2,8- or 1,2,4- 
p-menthane-triol (p. 222 ) with dilute sulphuric acid, together with cymene, 
by the isomeric change of dihydrocarvone or carone (p. 248) in presence 
of mineral acids or formic acid, by treating camphor or, better, dichloro- 
cainphane (p. 274) with sulphuric acid, and also by reducing a-terpinene 
nitrosite (p. 211) with zinc and glacial acetic acid {Stephan, J. pr. 60, 261; 
Bredt, Ann. 814, 369). It racemises very easily and only the a,Z-form has 
been obtained. Oxime, m.p. 91®. Hydroxylamino-oxime, m.p. 163®. Semi- 
carhazone, m.ps. 202® and 164®. It is closely related to carvotanacetone (see 
below). Boiling ferric chloride oxidises carvenone to carvacrol (vol. Ill), 
while heating with P 2 O 5 gives cymene. It is oxidised by permanganate to 
a-hydroxy-a-isopropyl-a'-methyl-adipic acid, m.p. 136—137®, y-isobutyryl- 
a-methyl-butyric acid and a-raethyl-glutaric acid {Bredt, Ann. 314, 380). 
With PCI 5 it gives monochloro-carvenene CioHjgCl, b.p. 96—98®/10 mm., which 
on reduction with Na and EtOH yields a-terpineno (p. 210; Semmler, Ber. 41 
4477). Autoxidation, Treihs, Ber. 65, 163; it behaves towards HjOj like 
piperitone (id. 66 , 1486). 


XH—CHj. /CH, 

Carvotanacetone, A^-p-menthene-6-one ^CH*CH( , 

\CO—CH,/ XCH, 

b.p. 228®, d®^ 0*938, ni) 1*47926, has been obtained, as the d,i-form, by heating 
thujone (p. 242) to 280®, from carvomenthene, either through the nitroso- 
chloride and carvotanacetone oxime, m.p. d,l 93—94® (IfaWacA, Ann. 381, 61), 
or more conveniently by oxidising carvomenthene with SeO, {Borgwardt, 
Am. 56, 1186; Tahuteau, C. r. 200, 244), and, finally, from carvone by re¬ 
duction with H, and PtO, {Dulou, Bull. Pin 1984,49). Semicarhazeme, m.p. 177® 
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{Wallachy Ber. 28, 1969). cZ-Carvotanacetone [a]JJ + 69*56® is the chief 
constituent of the essential oil of Blumea Malcolmii. Oxime m.p. 77®; aemi- 
carhazone, m.p. 173®; hydroxylamino-oxime, m.p. 96®; phenylhydrazone m.p. 
92® {Simonaen, J. 127, 876). Preparations of smaller rotatory power have 
been obtained by the careful reduction of a-phellandrene nitrite {Wallach, 
Ann. 336, 36). A dextrorotatory carvotanacetone has also been obtained 
by reducing carvone hydrobroraide with zinc dust and MeOH {Harries, 
Ber. 34, 1924). A very simple method of preparing both active and dyU 
carvotanacetone is from tetrahydrocarvone which is first converted into its 
1 -monobromide {Wallach, Ann. 414, 353); or carvomenthene is oxidised with 
SeOj (p. 214), in which reaction carvotanacetol, b.p. 86®/3 mm, is a by-product 
{Borgwardty l.c.). Carvotanacetone forms a compound with sodium sulphite. 
Like carvone (p. 237), it unites with HjS to form the compound (CioHijO) 2 H 2 S, 
m.p. act. 225® and 205®. KMn 04 oxidises it to j5-isopropylglutaric acid 
m.p. 103—104® {SimonseUy J. 121, 876), and to pyruvic and isopropyl-succinic 
a( 3 ids {Semnder, Ber. 38, 2457). With PClg it gives monochloro-phellandrene 
CioHigCl, b.p. 108®/16 mm., which is reduced to a-phellandrene by zinc dust 
in MeOH {Harries, Ber. 38, 1832). Autoxidation of carvotanacetone yields 
the oxide, which rearranges to the unstable 2-hydroxy-carvotana^cetone, m.p. 
181® {Treihs, Ber. 66 , 1484). 

/CHg-COv 

Pulegonc, A^^)-p-menthene-3-one, CH-CH^ >C=C(CHa) 2 , b.p. 

_QJJ / 

221® and b.p. 103®/17 mm., dj’ 0*939 {Doeuvre, Bull. 2 [1936], 298), is con¬ 
tained in the essential oils from Mentha pulegium and Hedeoma pule^ioides, 
which are sold under the name of pennyroyal oil, and is the chief constituent 
of the essential oil of Mentha canadensis L. {Braun, J. Am. Pharm. Ass. 
15, 337). Pulegone forms an addition compound with sodium bisulphite 
{Tiemann, Ber. 80, 25) and combines with sulphur dioxide to pulegone- 
sulphonic acid {Wallach, C. 1920 I 671), an acid forming very stable salts. 
With cone. H 2 SO 4 and AC 2 O cyclopulegenol sulphonate, C 10 H 14 O 3 S, m.p. 36®, 
is formed, which on heating dissociates to menthofuran (p. 226) {Treihs, Ber. 
70, 85). Like other a, /^-unsaturatod ketones, pulegone combines with sodio- 
malonic ester {Vorlander, Ann. 345, 158; May, ib. 188), with KCN {Clarke, 
J. 89, 1869) and with sodio-cyanacetic ester {Kon, J. 1926, 3101). Semi- 
carbazone, m.p. act. 172—173®; for an isomeric pyrazoline derivative see 
Busse, Ber. 63, 2209. Bis-nitroso derivative, m.p. active 85® {Gordon, Am. 
Pharm. 99, 624). Hydrobromide, m.p. 140—141®. Dinitro-phenylhydrazone 
m.p. 142®. Pulegone (1) is converted by the addition of hydrogen into a 
mixture of menthone and isomenthone (II) (p. 230); passing the vapour over 
Cu or Ni at 280® gives the same mixture, together with thymol {Treihs, 
Ber. 60, 2338). Reduction to pulegol p. 225. On oxidation pulegone breaks 
down into ^-methyladipic acid (IV) and acetone; for the action of benzoyl 
peroxide see Prileshajev, Bull. 41 (1927), 687. When heated with formic 
acid or with water under pressure, it is decomposed into acetone and 3-methyl- 
cyclohexanone (III) (p. 110); the latter also gives /3-methyladipic acid on 
oxidation {Wallach, Ann. 289, 337; Ber. 32, 3338): 

/CH,—CO. /CH, CO. 

CH 3 CH/ I >C:C(CH,),-i5-^CH5CH< II >CH-CH(CH,), 

\CH,—CH/ \CH..CH/ 

/CH,—CO. „ /CH,—COOH 

CH,CH< III >CH, - - - “ _ _ CH,CH< IV /COOH . 

\CH,—CH,/ \CH,—CH,/ 

If, on the other hand, methyl-cyclohexanone and acetone arc condensed 
by means of alkalies, a position-isomer of pulegone, b.p. 215®, is formed 
{Wallcuih, Ann. 894, 380). Like menthone, pulegone is converted into its 
enol form {benzoate, m.p. 230®) by the action of Grignard reagents, and 
this reverts extraordinarily easily into the keto form grignard. Bull. Belg. 
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86, 97; Blanchon, C. 1930 I 1117). Pulegone oxide m.p. 40® is formed by the 
action of HgOg and potash on pulegone in MeOH [Treibs, Bor. 66, 1492). 

If pulegone dibromide (I) is heated with a solution of NaOMe, pulegenic 
acid (II), CioHia02, is formed, the six-membered ring being converted into 
a five-membered ring {Wallach, Ann. 414, 233; Rupe, Helv. 11, 463). This 
acid is oxidised by KMn 04 to a hydroxy-lactone (III), which, when heated 
with sulphuric acid (2: 1), loses COg and undergoes a rearrangement to 
give SyQ,Q-trimethyl-cyclohexanone, pulenone (IV), the ring being enlarged to a 
six-membered ring {Wallach^ Ann. 329, 82; Meerwein, Ann. 876, 154). For 
the synthesis see Cornuhert, Bull. 49 (1931), 1238. 

From pulegenic acid the hydrocarbon pulegene CgHje, b.p. 139®, d 0»791, 
can be obtained by elimination of COj. Its nitrosochloridc can be converted 
into pulegenone^ C 9 Hi 40 (V), b.p. 190®, a ketone closely related to camphor- 
phoronc (p. 305) {Wallach^ Ann. 827, 115; 418, 46, 49). 



Benzylidene-pulegone, b.p. 203®/13 mm. {Wallarh, Ann. 805, 267; Rupe, 
Helv. 11, 463). When pulegone is treated with hydroxylamme in presence 
of alkalies, the double bond migrates and isopulegone oxime (see below) is 
formed. Under other conditions hydroxylamine addition products are formed: 
pulegone-hydroxylamine, CioH 470 (NHOH), m.p. 157®, which can be oxidised 
to nitroso 7 nenthone, m.p. 35®, and reduced to aminornenthone {Harries, Ber. 
81, 1809; 32, 3365), and also pulegorie-hydroxylamhie-oximp, Ci 9 Hi 7 (NHOH) 
:(NOH), m.p. 118®, which is reduced by Na and alcohol to 3,3-diamino- 
menthane {Semmler, Ber. 38, 146). 

/CH 2 CO. .CH, 

Isopulegone, A^i^hp-menthene-S-one pCH-C<f^ , 

^CHg—CHg/ ^CH^ 

b.p. 101—102®/!7 mm., dj® 0*92086, n^® 1-46669, may be obtained from its 
oxime m.p. act. 121®, d,l 140®, by heating with oxalic acid [Wallach, Ann. 
365, 247), or from pulegone hydrobroraide with basic lead nitrate, or best 
by oxidising the corresponding alcohol isopulegol, the isomerisation product 
of citronollal (p. 203). It contains two asymmetric C-atoms, and thus should 
exist in the same number of isomeric forms as menthanon(‘-3 (p. 230). The 
substance obtained from isopulegol seems to correspond sterieally to men- 
thonc [Pickard, J. 117, 1248). From the nature of the ozonisation products, 
and from absorption measurements isopulegone is assumed to bo present in 
natural pulegone [Savard, G. r. 186, 1436, 1738; Rupe, Ann. 459, 192; but see 
Hugh, Kon, Linstead, J. 1927, 2685). Unlike pulegone, it is not attacked by 
A1 amalgam. The enolic form is very unstable and is obtained by treatment 
with Grignard reagents, as in the case of menthone and pulegone; b.p. 
80—81®/6 mm.,dj^ 0*8965, nJJ 1*46732 [Grignard, C. r. 182, 422). Isopulegone is 
converted into pulegone by baryta water and still more rapidly by NaOEt 
[Harries, Ber. 32, 3367; Hugh, l.c.); for its conversion into menthofuran, with 
cyclopulegenol-sulphonic ester as an intermediate, see Treibs, Ber. 70, 87. 
Semicarbazone, m.ps. act. 173® and 166® [Doeuvre, Bull. 53 (1933), 689), 
d,l 183®. 
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a-Santolinonene is formulated as a A^i'^)-p-menth,ene-2-one. It occurs in 
the oil of Santolina chamaecyparisms and is only known in the form of its 
hydroxylamino-oxime, m.p. dd 190®, act. 111^ {Francesconi, Gazz. 451 35,167). 

2,3-Diketomeiithaiie is extremely unstable; like other cyclic o-diketones 
(cf. c.g. “isocamphor-quinone”) it passes at once into a stable mono-enol 

C(OH)—CO. /CH 3 

form, 2-hydroxy-zl^-p-meiithene-3-one CHaC^ >CH-CH<f , 

—CHg/ \CH 3 

m.p. 84®, b.p. 110®/10 mm, {Auwers, Ber. 57, 1106). This compound has been 
separated from buchu leaves {Barosma hetulina etc.) and has therefore been 
called buchu-camphor; it is also known as diosphenol. In its behaviour it 
shows both ketonic and i)henolic character. It gives a green colour with 
ferric chloride and forms an acetate, a benzoate, a phenylurethane^ m.p. 
113—114®, and a monoxime^ m.p. 125®. A dioximey m.p. 197®, can be obtained 
under special conditions {Wallachy Ann. 437, 170). Diosphenol forms thymol 
and a little carvacrol when heated with cone. HCl. The cnolisation of 

2.3- (iiketomenthane might give rise, not only to diosphenol, but also to 
S-hydroxy-A^-menihe7ie-2-oney and certain reactions can be regarded as giving 
evidence for the transitory existence of this compound, for example, the 
formation of carvacrol, and the formation of hydroxy-tetrahydro-carvone in 
the catalytic reduction {CuamanOy Lincei (5) 30 II 224). It is, however, 
extremely unstable, since 3,4-dihydroxy-menthanone-2, obtained from 
carveiione, and l,2-dihydroxy-menthanone-3, obtained from /1^-menthenone-3, 
both yield buchu-camphor by elimination of water {Wallachy Ann. 437, 148). 
Ozonisation gives a-isopropyl-y-acetyl-butyric acid m.p. 41®, and reduction 
with Na and EtOH 2,3-p-menthane-diol; the latter is oxidised by KMn 04 
to a-iiiethyl-a''-isoX)ropyl-adipic acid {AuwerSy Ber. 57, 1106). Dehydro¬ 
genation in the presence of Na gives 2,3-dihydroxy-p-cymene, together wnth 
other aromatic compounds and tetrahydrocarvono {OuarnanOy Gazz. 00, 105), 
while catalytic hydrogenation can give either 2-hydroxymenthone-3 or 

2.3- menthanc-diol, dcjicnding on the conditions {Walker, J. 1934, 238). 
Monobromo-huchv-camphor, m.^). 77®, has been converted into methyl-iso- 
propyl-pyrocatechol {Paolinoy Lincei (5) 28 II 82). Dibromo-huchu-camphor, 
m.p. 44—46®. Buchu-camphor undergoes the benzilic acid rearrangement 
when heated with potash under pressure, the ring contracting to form 
l-mcthyl-3-isoproj)yl-cyclopentan-2-ol-2-carboxylic acid, which can be oxidised 
to dihydrocamphor-phorone {Wallachy Ann. 414, 346). 

Buchu-camphor has been synthesised: from hydroxymethylcne-menthone 
(p. 231) by ozonisation {Semmler, Ber. 39, 1158); from menthone with FeClg 
{Aaahina, J. Pharm. Japan 1922, No. 482) or with SeOg {Kiley, J. 1932, 
1875); from dibrorno-tetrahydrocarvone, or dibromo-menthone, with potash 
(IfaZiacA, Ann. 437, 148); and from piperitone oxide with HaS 04 {Treiba, 
Ber. 66 , 619). 

III. KETOMENTHADIENES, KETODIHYDRO-p-rYMENES C 10 H 14 O. 
— The most important member of this group is the ketone carvoTie, 
which was formerly called carvol, because of its close relationship to 
carvacrol, with which it is isomeric, and to limonene. As with these 
compounds, carvone is known in the three forms, d-*, I- and 

/CO—CHa. /CH3 

Carvone, CHj-C^ >CH C<k 

^CK—Cn/ ^CHa 

b.p. 230®, [a]D ± 62*3®, d[l 0-9652, occurs as the d-form in caraway 
oil, dill oil and other oils. The /-form is a constituent of the oils of 
spearmint and kuro7nqji. It is obtained in a pure state by distilling 
its HgS-compound (see below) with aqueous potash {Waltach, 
Ann. 305, 224). Semicarbazone, m.p. active, 163^ and 142® {Rupe, 
Ber. 39, 2372). When heated with potash, phosphoric acid or formic 
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acid (KlageSy Ber. 32, 1517) it is converted into the isomeric carvacrol 
(vol. Ill); hence it has been deduced that the CO-group in carvone, 
like the OH-group in carvacrol, occupies the ortho position relative 
to the methyl group. With PCI 5 carvone yields a dichloride C 10 H 14 CI 2 , 
from which 2 -chloro-cymene is obtained by distillation with quinoline 
(Baeyety Ber. 32, 2655). The products obtained on reduction depend 
on the conditions; the corresponding alcohols (see below), dihydro- 
carveol (p. 225), dihydrocarvone (p. 234), and bimolecular oi-dicarve- 
lone (CioHi 50 ) 2 , m.p. act. 148—149®, d.l 121®, can be formed (Wallachy 
Ann. 403, 96). Catalytic hydrogenation with Hg and Ni or Pd leads 
primarily to carvotanacetone, then to tetrahydrocarvone (cf. inter 
Sbh Armstrong, Proc. Roy. Soc. 108,121) and can be carried still further 
to give carvomenthol (Vavon, C. r. 168, 409; Paolino, Lincei (5) 30 
II 371; C. 1935 II 3516). Carvone reacts with ammonium formate 
to give dihydrocarvylamine (p. 228). KMn 04 oxidises carvone to 
hydroxy-terpenylic acid CgH^gO^ which easily passes into a dilactone 
CgH|Q 04 m.p. 129® {Best, Ber. 27, 3333; Tiemann, ib. 28, 2148). In 
sunlight carvone undergoes a curious isomeric change into a sub¬ 
stance called ''cxirvone-ca.mphor'\ a ketone C 10 H 14 O, m.p. 100 ® (iS'errwi- 
giotto, Gazz. 48 I 52; Treibs, Ber. 63, 2738; id. J. pr. 138, 299). 
Ozonisation, see Harries, C. 1916 II 993; autoxidation produces 
oarvcme oxide C 1 QH 14 O 2 , b.p. 120-122®/15 mm., which changes easily 
into hydroxy-carvone (see below) and further into cymorcinol, a 
derivative of cymene (Treibs, J. pr. 138, 284; Ber. 66 , 1314). Carvone 
combines with HgS; the compound m.p. act. 211®, d,l 189-190® 
consists of 2 mols of carvone to one of HgS and contains the keto 
group intact (Macbeth, J. 1934, 1147; see, however, Dulou, Bull. 
Pin 1934, 205). Carvone also combines with HCl, HBr, HCN and Bi-g 
(Wallach, Ann. 286, 119; 306, 235; Lapumth, J. 89, 1819); for the 
formation of carvenolide, Ci 0 Hj 4 O 2 , from carvone tribromide, m.p. 
(d,l) 76®, see Wallach, Ann. 306, 245; 414, 240. With NaHSOg, the 
sodium salt of carvone-dihydro^isulphonic acid is obtained (Labbi, 
Bull. 23 [1900], 280). On shaking with dilute H 2 SO 4 carvone takes 
up one mol. HgO to form hydroxy-dihydrocarvone or carvone hydrate, 
m.p. 41—42® (hupe, Ber, 38, 1719; Knoevenagel, ib. 39, 677). 

With aceto-acetic ester in the presence of NaOEt it forms a bicyclic 
condensation product (Rohe, Ber. 36, 225). For its reactions with Grignard 
compounds, see Rupe, Ber. 47, 3064; Semmler, Ber. 60, 1833; carvone-enol: 
Orignard, C. 1930 I 1116. 

d,l-Caryone, b.p. 230®, dJJ 0*9645, semicarbazone, m.p. 155®, occurs 
in gingergrass oil and is obtained by mixing d- and ^-carvone, by 
oxidising carveol methyl ether (p. 227), by the autoxidation of 
liraonene (Blumann, Ber. 47, 2623) and by oxidising dipentene with 
CrOg and acetic anhydride in chloroform (Treibs, Ber. 61, 459). In 
the two last reactions d,Z-carveol is formed at the same time, cf. 
the autoxidation of pinene to verbenol and verbenone. For the 
formation of carvone from a-terpineol, see Wallach, Ann. 291, 342. 

The connecting links between the three forms of carvone and those 
of limonene are the three carvoximes, obtained from the carvones 
with hydroxylamine and from the limonene nitrosochlorides with 
alcoholic potash. d-Carvone is related to f-limonene, and Z-carvone 
is related to d-limonene, since Z-limonene nitrosochloride gives 
d-carvoxime, and d-limonene nitrosochloride gives Z-carvoxime (p. 208). 
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d-Carvoxime, [a]D+39'71®, and Z-caryoxime, [a]D—39.34®, are each 
known in two forms, m.ps. (a) 72® and (P) 68®. d,l-Carvoxime, m.p. 93®, 
is obtained from dipentene nitrosochloride (p. 209). Carvoxime undergoes 
rearrangement in presence of cone, sulphuric acid to p-aminothymol (cf. the 
rearrangement of N-phenylhydroxylamine to p-aminophenol) {Wallach, Ann. 
279, 366). llydroxylamlno-caryoxime, CioHi6(NOH)NHOH, a syrup, can 
be oxidised to the dioxime of A^^)-p‘menthene-dione-2,6, m.p. 

186—187®; this diketono is formed directly from carvone by atmospheric 
oxidation in the presence of baryta, and is called hydroxy-carvone, since its 
reactions are those of a mono-enol {Harries, Ber. 34, 2106; Treibs, Bcr. 
66, 1314). 


C. BICYCLIC TERPENES 


The terpenes of this group are distinguished from the monocyclic 
terpenes in that they are capable of adding on only two univalent 
atoms or groups of atoms. They thus contain two carbon rings. 
These bicyclic terpenes can be converted into monocyclic terpenes 
in several ways, like the latter, they are closely related to 
p-cymene and can usually be converted into it with ease. 

Their dihydro-derivatives are related to hexahydrocymene, in that 
either the cyclohexane carbon atom carrying the isopropyl group is 
linked to the 3-carbon atom by a diagonal bond, whereby a ring- 
system composed of a three-ring and a five-ring is formed as in the 
sabinane or tanacetanc group, or the central carbon atom of the 
isopropyl group is joined to a second cyclohexane carbon atom. 
According to whether this linking takes place in the 1,2, 1,3-, or 1,4- 
position the parent hydrocarbon of the carane, pinane, or camphane 
group is formed: 


C 3 H, 

I 

CHg—C CHa 

U""'" I 

CR- CH—CHa 


CH, 

Sabinano 


CHo— CH—CH 
I ^ 

l(CH3)aC 


(CH3)al 


CHo- CH—CHa 

CH 3 

Carane 


CHa CH—CH 

CH 3 

Pinane 


-CH* 


ICHg-CCHa 

I 


CHa—C-CHa 

CH 3 

Camphane 


On the basis of their carbon-skeletons the sabinane and carane 
derivatives belong respectively to the 0:1:3-bicyclohexane and 
0:1:4-bicycloheptane groups of condensed ring systems. Pinane 
and camphane derivatives, on the other hand, contain bridged rings 
(p. 179), formed from a six-ring with a single-membered carbon- 
bridge in the 1,3- or 1,4-position; they are derivatives of 1:1:3- 
bicycloheptane and of 1:2:2-bicycloheptane, respectively (p. 185). 

While these ring-systems are stable to the ordinary additive 
reagents and are thus readily distinguished from rings containing 
double bonds, yet at high temperatures and especially by the action 
of hydrating agents they are often converted with surprising ease 
into derivatives of the monocyclic terpenes. 


I. SABINANE OR TANACETANE GROUP 
The compounds of this group, of w^hich thujone or tanacetone 
is the most important member, contain as their carbon skeleton 
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a condensed ring system, a five-ring carrying a three-ring in the 
1:2-position. They may be degraded by oxidation to cyclopropane 
carboxylic acids. 

1. Hydrocarbons. — The parent hydrocarbon, 0: 1 :3-bicyclo¬ 
hexane, myrsahiTiane, b.p. 78*5—79*5®/740 mm., d|'’0'8199, n\? 1-4326, 
has been obtained synthetically (p. 53; Konovalov, C. r. 183, 40). 
Other hydrocarbons of the series are sabinene and the two thujenes; 
all three contain the same carbon skeleton and differ only in the 
position of the double bond, since cautious reduction gives the same 
bicyclic hydrocarbon, CioHig, sabinane or thujane. 

Sabinene (I) C,oHie, b.p. IGS-lGb®, 0-842, iid 1-4678 {Padmanahhan 
and Jatkar, Am. 57, 334), (synthetic: b.p. 163®, d^® 0-8466, nj) 1-4668) is 
present as its rf-form in savin oil, Ceylon cardamom oil, marjoram oil ( Wallach, 
Ann. 367, 77), pilea oil {Semmler, Ber. 40, 2963), Indian juniper oil and the 
oil of the Himalayan cypress {Simonsen, .1. Abs. 1923 1 1106); the Z-form 
occurs in savin oil and the ods of Xanthoxylnm hudrunga and rhetsa, and 
the d,Z-form in the oil of Murraya Koenigii. It is detected by degradation 
to the oxidation products, sabmenic acid and sabina ketone, which are 
described below. It has been synthesised by treatment of sabina ketone 
with magnesium methyl iodide, followed by dehydration of the methyl- 
sabinaketol so formed (Drotschmann, Sch. &Co., Report 1925,174). With dry 
hydrogen chloride in CSg sabinene yields terpineiie monohydrochloride, and 
with hydrogen halides in glacial acetic acid the corresponding terpinene 
dihydrohalides (p. 211). With dilute sulphuric acid in the cold it yields optically 
active terpinen-4-ol and l:4-terpin and when heated, a-terpinenc. On 
oxidation with KMn 04 , sabinene behaves like the majority of other torpeniis 
containing a semicyclic methylene group (cf. /9-pinene and earaphene). 
Sabinene glycol (II), m.p. (active) 64®, is first formed, and then an a-hydroxy- 
acid, sabinenic acid (III), m.p. 67® (d,Z-, m.p. 85®), distinguished by its 
sparingly soluble sodium salt; finally, a ketone with one carbon atom 
less, sabina ketone (IV), m.p. 17®, b.p. 218—219®, d^g 0-966, iiiJ 1-4704, is 
formed. Decomposition of sabina ketone semivMrhazcme, m.p. 141—142®, 
with oxalic acid yields sabina ketone, but, if dilute sulphuric acid is 
used, the 3-ring opens and the product is the isomeric Zl 4-isopropyl- 
cyclohexenone; when this compound is heated, it rearranges to /1^-isopropyl- 
cyclohexenone (VI) (p. 116). This ketone is also formed from sabina ketone 
by heating with aqueous or alcoholic sulphuric acid, further degradation 
of sabina ketone affords oL-tanacetonedicarboxylic acid (V) (p. 32) {Wallach, 
Ann. 369, 266; Semmler, Ber. 35, 2045): 



For the application of sabina ketone to the synthesis of jff-terpinene see 
p. 211. With CrOgClg sabinene gives an addition compound, CioHig-2Cr02Cl2, 
which is decomposed by water to sabinenilanaldehyde, a viscous liquid of 
characteristic odour, b.p. 216—217®; semicarbazone, m.p. (active) 146—146®. 
Oxidation, in the air or with dilute nitric acid, yields sabinenilanic acid, 
m.p. 176—176®. In the reaction with the chromyl chloride a ketone isomeric 
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with sabina ketone, isopropylidene-cyclohexanone (p. Ill) is formed, as 
well as the addition product (Henderaont Robertson and Rroum, J. 121, 2717). 

.CH-CH*. 

a-TbuJene CH,.C<f___^C.CaH„b.p. 162«, d|»0-8314,nf? 1.4602, 

\CH — CHj/ 

[ajD + 37*69® {Padmanabhan and Jatkar, Am. 57, 334), which forms the 
principal constituent of the terpene fraction of the gum of BoswelUa aerrata, 
is obtained ([a]D — 37*20®) by decomposition of the xanthogenate of d-thujyl 
alcohol (see below) {Tchugaev and Fomin, Ber. 46, 1297). If thujyl alcohol from 
the reduction of a-thujone or dihydrosabinol (p. 242) {Henderson and Robert¬ 
son, J. 128, 1713) is used in this reaction, a mixture of a-thujene and ^-thujene, 
CH=^ -CHv 

CH 8 -CH< _^C-CoH, (?), b.p. 147®, d-o 0-8202, n*® 1*44708, 

^CH - CH/ 

[a]D + 110*78®, is obtained {Tchugaev and Fomin, Ber. 45, 1297). The same 
mixture is obtained by exhaustive methylation of thujylamine, followed by 
heating the resulting quaternary ammonium base {Tchugaev, Ber. 84, 2276; 
87, 1481). a-Thujene gives a-thujaketonic acid (p. 243) on oxidation 
with KMn 04 and combines with 2 mols. of hydrogen halide to the correspond¬ 
ing terpinene dihydrohalide. On shaking with dilute sulphuric acid it 
behaves like sabinene and gives active terpinen-4-ol and l:4-terpin {Wal- 
lach, Ann.850,166; 860, 201). Isothiijene, b.p. 172—176®, d^Q 0*840, n]> 1*4761, 
is isomeric with both these hydrocarbons, and is obtained by dry distillation 
of a-thujylaminc hydrochloride {Wallach, Ann. 280, 99); it is probably 
1 : 2 -dimethyl-3-isopropyl-cyclopen tadiene. 

Sabinane, thujane, tanaceiane, CjoHig, b.p. 167®, dj® 0*820, nif 1*442, is 
obtained by hydrogenation of sabinene and a- and ^-thujene in the presence 
of Pt-black {Tchugaev and Fomin, C. r. 151, 1068; Zelinsky and Levina, 
Ann. 470, 60), and from thujone hydrazone by heating with sodium methoxide 
under pressure {Semmler and Feldstein, Ber. 47, 388). Hydrogenation of 
sabinene with Pd-black causes fission of the 3-ring, yielding l:2-dimethyl- 
3-isopropylcyclopentene, b.p. 166 —166*6®/767*5 mm., dj® 0*811, and l:2-di- 
methyl-3-isopropylcyclopentane, b.p. 161*4—161*9®/768 mm., dj® 0*7929 {Rich¬ 
ter, Wolff and Presting, Ber. 04, 871). 


2. Alcohols. — Sabinene hydrate, methylsabinaketol, CioHjgO 

X _>C.C3H,, 

V \CH CH/ 


HO^ 


m.p. 39 °, b.p. 196—201®, is formed, together with a-terpinene, by the action 
of magnesium methyl iodide on sabina ketone (p. 240). Cautious dehydration 
yields sabinene (p. 240), but more energetic dehydration leads to terpinene. 
With hydrogen bromide in glacial acetic acid terpinene dihydrobromide is 
formed; shaking with dilute sulphuric acid yields optically active terpinen- 
4-ol and l:4-terpin {Wallach, Ann. 857, 64). 

,CH(OH).CH2v 

Thujyl alcohol, tanacetyl aUohol, CH 3 *CH< __ 9 C.C 3 H 7 , b.p. 

^CH- 

206—210®, occurs, partly in the free state and partly as the esters of acetic, 
isovaleric and palmitic acids, in oil of wormwood {Wallach, Ann. 272, 109) 
and in the oil of some species of Artemisia {Assenzio italiano; Paolini and 
Lomonaco, Lincei ( 6 ) 28, II, 123) and of Thuja. It can be obtained by re¬ 
duction of thujone or tanacetone, into which it is readily reconverted by 
oxidation. Both the naturally occurring material and that obtained from 
thujone are not stereochemically homogeneous, but mixtures of at least 
two forms. For this reason the physical constants of different samples of 
thujyl alcohol vary widely {Paolini and JHvizia, Lincei ( 6 ) 21, I, 670). 
A liquid dextrorotatory form, d*° 0*9187, [a]D + 116-93®, has been obtained 
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from the reduction product of a-thujone by means of the cinchonine salt 
of the hydrogen phthalate; in a similar manner, the strychnine salt 
yields a thujyl alcohol, m.p. 28°, [a]j) — 9-12° (c — 36«98 in toluene). The 
dextrorotatory thujyl alcohol is oxidised by chromic acid to ^-thujone 
(see below). The methylxanthogenate of the dextrorotatory alcohol yields 
pure a-thujene (p. 241), whereas that of the laevorotatory alcohol yields, 
probably, /5f-thujene {Tchugaev and Fomin^ Ber. 45, 1293). In the animal 
organism thujyl alcohol is hydrated to p-menthane- 2 :4-diol (see below) before 
combination with glucuronic acid {Hdmalainen, C. 1912 II, 864; Skand. 
Arch. Physiol. 27, 141). For the heat of combustion see Both and OestUng, 
Ber. 46, 313. 

/CH(OH) CHg. 

Sabinol, CHa=-C< ____^C—C 3 H 7 . b.p. 208°, d^^ 

\CH CH./ 

0*9618, fa]D -h 7° 6 ( 1 ', n|J 1*4896, is an unsatiirated secondary alcohol which 
occurs stereochemioally pure in the fr(‘e state and as its acetate in oil of 
savin, OUum sabinae. Hydrogen phthalate^ m.p. 94—96®; strychnine salt of 
the hydrogen phthalate, m.p. 200—201® {Paolmi and Behora, Lincei ( 6 ) 26, 
II, 377); p-nitrohenzoate, m.p. 76®. When heated with zinc dust or aluminium 
isopropoxidc it gives tanaeetone {Schmidt, Ber. 62, 103); reduetioii with Na 
and alcohol gives thujyl alcohol, and dehydration cymene. Catalytic hydro¬ 
genation converts sabinol into thujyl alcohol or thujane, according to the 
conditions. Sabinol is a very ijoisonous abortifacient; in the organism it 
is converted into sabinol glucuronic acid, m.p. 82®, the strychnine salt ( 4 - 3 HgO), 
m.p. 192—193®, ol which is so characteristic that it may be used to detect 
poisoning with oil of savin {Hamnlainen, C. 1912 II 855; Skand. Arch, 
physiol. 27, 141). Careful oxidation with KMnO^ converts sabinol into 
sabinylglycerol, CioHi 6 (OH) 3 , m.p. 153®, which is readily dehydrated to curayl 
alcohol; energetic oxidation yields a-tanacetone dicarboxylie acid (see below 
and p. 32); Fromm, Ber. 33, 1191; Semmler, ib. 1459; Wallach, Ann. 360, 98; 
Hasselstrom, Ann. Acad. Sci. Fenn. A. 20, No. 6,3; C. 1927 11 2296). Dilute 
sulphuric acid brings about fission of the 3-ring, addition of HgO and 
migration of the semicyclic double bond into the ring. The unsaturated 
glycol, CioHi3(OH)2, is reduced by Paal’s method to "p-menthane-2 : 4-diol, 
m.p. 93—94®; b.p. 135—140®/9 mm.; this is dehydrated to an unsaturated 
alcohol, C 10 H 17 OH, which may be converted into carvenone {Wallach, 
Ann. 414, 201). 

3. Amino. — Thujylamine CjoH^NHg, b.p. 195®, is obtained by reduction 
of ^-thujone oxime. Its hydrochloride, m.p. 260—261®, gives isothujene 
(p. 241) on heating. It has an antiseptic action and hinders secretion 
(Germ. Pat. 574,654). 

4. Ketones. — Thujonc, tanaeetone, CjoHijO, (I), b.p. 201—202®/760 mm., 

103—104®/40mra., d*® 0-9152, n^ 1*4530 {Bose and Livingstone, Am. 34, 201), 
occurs in nature in two stereoisomeric forms; as laevorotatory a-thujone, [a]i> 
—10® 23', semicarbazone m.p. 186®, liquid oxime, tetrazole m.p. 86 ® (Germ. Pat. 
606,616), mainly in thuja oil, and as dextrorotatory ^-thujone (tanaeetone), 
[a]D -f 76*16®, semicarbazone m.p. 171—173®, oxime m.p. 56®, m.p. 95®, 

principally in tansy oil from Tanacetum vulgare. Mixtures of both forms have 
been found in wormwood oil, sage oil, absinthe oil and in the oil of various 
species of Artemisia {Wallach, Ann. 336, 247). For its Raman spectrum see 
Dulou, Bull. Pin 2 (1934), 214. Thujone is the strongest and most widely 
distributed nerve poison ocurring in essential oils. The toxic action of worm¬ 
wood, which is due to thujone, has lead to the prohibition of absinthe in 
France and Switzerland. The isomerism of a- and ^-thujone, which give 
identical degradation products, is due to the different arrangement of the 
H and CH 3 attached to the carbon atom C* (formula I), a- and )?-Thujone 
are reversibly interconvertible under the influence of alkali ( Wallach, Ann. 
408, 179). The optical antimer of a-thujone can be obtained from the semi- 
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carbazone by prolonged heating with phthalic anhydride and water. The 
a-thujone of [ajn + 10® 23' so obtained forms a d,Z-compound with an 
equal weight of the starting material {Paolini, Ann. Chim. appl. 15, 414). 
When oxidised with KMn 04 , both forms yield the structurally isomeric a- 
and /9-thuja- or tanacet-ketonic acids, CHaCO C^Hig-COgH, m.p."75® and 78®, 
respectively, of which the a-acid (V) is saturated, and the /i-acid (II) unsatura¬ 
ted {Roth and Oestling^ Ber. 46, 311). a-Thujaketonic acid (p. 29) is also 
formt‘d by atmospheric oxidation of thujone and is the cause of the acidity 
developed by oils containing thujone on long standing. On heating, the 
a-acid passes into the /!-, which yields on oxidation first a diketone (III) 
and then (5<5-dimethyl-laevulinic acid (IV). a-Thujaketonic acid (V) is con¬ 
verted by hypobromite into a-tanacetone-diearboxylic acid {tx-thujadi- 
carboxyhc acid) (VI) C 9 Hj 404 , m.p. 142®, a saturated dibasic aeid which 
readily forms an anhydride (p. 32); this acid is also obtained by the oxi¬ 
dation of sabinol, sabincne (p. 240) and a-thujene (p. 241). With hypo¬ 
bromite, /i-thujaketomc acid gives the unsaturated ^-ihujadicarhoxylic acid, 
m.p. 116—118®, which, on further oxidation, also gives t5(5-dimethyl- 
laevulinic acid (IV): 
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Tanacctophoronc (IV, below), a cyclopcntenone derivative, b.p. 212—214®, 
semicarbazone m.p. 187—188®, is obtained from a- (I) and /9-thujaketonic acid 
by esterification with alcoholic hydrogen chloride, followed by treatment of 
the chloro-cster (II) with sodium ethoxide, or from a-tanacetone-dicarboxylic 
ester (III) directly by treatment with sodium ethoxide (Wallach, Ann. 414, 
220; pp. 57, 69): 


C3H7.CCH2COOCH3 


H.C/ 
(HI) d 


1 HCOOCH 3 


C 3 H 7 .C -C.COOCH 3 

HjC/ I 


CH=CONa 


C3H,C==--CH C3H,CC10H,C00R 

h 3 c<; i H 3 C/ 

(IV) CHj—CO (II) CH 3 -CO.CH 3 


C3H,CCH,C00R 


H3C/i 

(I) CH-CO-CH, 


Condensation of thujone with benzaldehyde gives different products 
according to the reaction conditions. With two mols. of benzaldehyde a 
tetrahydropyrone derivative, C24H2e02, is formed, which occurs in two forms, 
m.p. 116® (labile) and 147® (stable) (Cornubert and Barrel, C. r. 183, 294). 
With 1 mol. benzaldehyde benzylidene-thujone, C^HaoO, b.p. 178®/9 mm., 
is produced; this is oxidised by KMn 04 to benzoic acid and homotanacetone- 
dicarboxylic acid, C 10 H 13 O 4 , m.p. 148®. The latter, like a-tanacetone-di¬ 
carboxylic acid (p. 32) and tanacetone itself, contains a cyclopropane ring 
{Semmler, Ber. 36, 4367; cf. Fromm, Ber. 33, 1192). For the molecular 
refraction of these compounds see OestUng, J. 101, 467, and for the heat 
of combustion, Roth and OestUng, Ber. 46, 311, 313. A partial synthesis of 
thujone from a-thujakctonic ester has been carried out {Ruzicka and KooU 
haaa, Helv. 15, 944): 


16* 
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On heating with sulphur, a-thujone yields carvacrol {Takagi and Tamaka, 
C. 1926 I 80). In the organism it is converted into the glucuronic acid com¬ 
pound of p-menthane-2-ono-4-ol, which on hydrolysis yields carvenone 
(p. 234) formed from this keto-alcohol by dehydration {Hamalainen, Skand. 
Arch. Physiol. 27, 141). Alcoholic sulphuric acid converts thujone into 
isothujonc, whereas heating to 280® yields carvotanacetone. These two 
ketones are unsaturated, in contradistinction to /5-thujone (Walldchy Ber. 28, 
1969). ^‘Thujone oximes m.p. 64—66®, is converted by alcoholic sulphuric 
acid into carvacrylamine or into isothujone oxime {Tiemanriy Ber. 30, 325); 
treatment with PClg yields the lactam, thujone isoxime, m.p. 90® {Wallach, 
Ann. 836, 270). 

CO-CHj 

Isothujone, ! , b.p. 231®, d 0*927, nn 1*4822, 

^C(CH3).CH.CH(CH3)a 

inactive, is obtained from thujone and sabinol by rearrangement; a- and 
p-semicarhazones, m.ps. 208® and 148®, oxime^ m.p. 119—120®, benzylidene- 
isothujone (C 10 H 14 O); CH-CeHg, m.p. 83®. On oxidation, isothujone gives 
a keto-lactone CioHie 03 , and finally, jff-isopropyl-laevulinic acid CH 3 *CO 
• CH(C 3 H 7 )*CH 2 *00011. On reduction a saturated alcohol, a-thujamenthol, 
dihydro’isothujol C 10 H 19 OH, b.p. 212®, d^® 0’899, nj) 1*4611, is obtained; 
this is oxidised by chromic acid to a-thu]amenthone, CioHigO, b.p. 208®, 
d^® 0*8915, np 1*4474, aemicarhazone m.p. 186®, oxime m.p. 95®, iaoxime 
m.p. 117®. By reduction of isothujone, or thujone itself, by the Sabatier- 
Senderens method at 176—180® a-thujamenthone is produced {Oodchot, 
C. r. 158, 1807). Reduction of isothujone by the Paal-Skita method yields 
j$-thujamenthone, which can be reconverted into isothujone, but not into 
a-thujamenthone, just as a-thujamenthone cannot be converted into /?-thuja- 
menthone. It appears from these facts that the isomerism involved is con¬ 
cerned, not with the C-atom next to the CO-group as with the thujones, 
but with the more distant C* atom. )3-Thujamenthono has b.p. 215—216*6®, 
d^® 0*8990, no 1*4511, aemicarhazone m.p. 190—191®, oxime m.p. 130—131®, 
iaoxime m.p. 102® {Wallach, Ann. 408, 163). Reduction of /3-thujamenthone 
with sodium gives )5-thujamenthol, b.p. 216*6-217*5®, d^® 0*8996, nn 1*4583 
(Wallach, Ann. 323, 348; 336, 276; Ber. 28, 1958). Oxidation of a- and 
d-thujamenthone gives the .same oL-methyUp-iaopropyl-glutaric acid, m.p. 
137-188® {Wallach, Ann. 408, 182). 
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Reduction of a-thujamenthone oxime with sodium and alcohol yields 
a thujamenfhylamine^ b.p. 196—197®, hydrochloride m.p. 187®, a/ietyl derivative 
m.p. 129—130®. This amine reacts normally with nitrous acid to give 
a-thujamenthol together with some hydrocarbon. On the other hand, the 
same reaction with /^-thujamenthylamine, b.p. 206*6®, hydrochloride m.p. 
above 230®, acetyl derivative m.p. 96®, 3 delds tert.-thujamenthol (see below). 

On dehydration a- and /S-thujamenthol yield, respectively, a-thuja- 
menthene^ CioHig, b.p. 163-166®, d** 0*8086, njy 1*4603, and /^-thujamenthene, 
b.p. 161—164®, d^®'* 0*8100, nj) 1*4614. Neither of these gives any solid deri¬ 
vative; such derivatives can, however, be obtained from the thujamenthene 
(II), b.p. 164-166®, d®i 0*8100, n© 1*4460, derived from tert.-thujamenthol (I). 
This thujamenthene readily ^ves a nitroaochloride (III), m.p. 108®, which 
may be converted into isothujone oxime (IV), m.p. 119—120®; 

HC.C 3 H 7 HCG 3 H- HC.C 3 H 7 

CHa-dlT^^CHa CHa-CH^Hg CH3 .Ch\)H2 

I I II ! I 

(I) CH3.C(0H)—OH 2 (I1)CH3.C—CH (III) CHs.CCl--C=NOH 

HC CgH^ 

CH 3 *C ch. 


(IV) CH 3 .C— 6 =noh 

For 1 : 2-dimethyl-3-isopropyl-cyclopentane see Richter^ Wolff and 
Presting (Ber. 64, 876). 

.CH COv 

Umbellulone, C„H, 40 , b.p. 93»/10 mm., 

[a]D — 37®, occurs in large quantities in the leaves of the Californian 
laurel, Umhellularia californica {Drake and Stuhr^ J. Am. pharm. Ass. 24 
(1936), 196); semicarhazone, m.p. 242®. It rearranges to thymol when heated to 
280® (U.S.A. Pat. 1,666,342,1,967,440). Bromination, followed by distillation, 
yields some p-cymene together with other products which contain bromine. 
Reduction with sodium and alcohol yields the saturated alcohol, dihydro- 
umhellulol, CjloH^-OH, m.p. 66—66®, b.p. 90®/10 mm., which is oxidised by 
chromic acid to dihydro-umJbellulone, CioHi^O, b.p. 86®/10 mm. {semicarhazone 
m.p. 168—169®; oxime m.p. 72®). The latter is also produced from umbellulone 
by hydrogenation under mild conditions, whereas energetic hydrogenation 
gives a monocyclic alcohol, CigHgoO, which is probably 1 : 2 -dimethyl- 
3-isopropylcyclopentane-4-ol {Wienhaus and Todenhofer, Schimmel Ber., 
Jubil.-Ausg. 1929, 283). Oxidation of the benzylidene derivative of 
dihydroumbellulone with KMn 04 gives homotanacetone-dicarboxylic acid 
(p. 33), as with benzylidene-thujone (p. 243). Oxidative degradation 
of umbellulone {Tutin, J. 89, 1104) gives umbellularic acid (I), m.p. 78® 
(+IHgO), [a]D —89*7® (p. 31), which has been synthesised as follows 
{Rydon, J. 1936, 829); 


CH.COjEt 

d-COjEt 

4h, 



-CH.COjEt 

1 -N, 

^OH-COjH 

N 

— -U 

ohJ 


- 6 .C 03 Et 

^CCOjH 

1 


d.H, 

C,H, 


CARANE, PINANE AND CAMPHAEE GROUPS 

As has been pointed out on p. 239, the members of these groups 
contain a cyclohexane ring in which two carbon atoms in the o-, 
m- or p-positions are joined together by means of the central carbon 
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atom of an isopropyl group. Representatives of all three ^oups, 
with 0-, m- or p-carbon bridges, occur in nature. An o-bridge is 
present in the carenes, whose carbon skeleton is more appropriately 
classified as a condensed ring system (p. 150); pinene, an extra¬ 
ordinarily widely distributed terpene, belongs to the group with 
a m-bridge, while the p-bridge group includes camphor, the most 
important member of this class, and fenchone closely related to it, 
as well as the terpenes derived from them, camphene and the 
fenchenes, which have been prepared artificially. 

A characteristic behaviour of the members of this group is the 
remarkable ease with which they undergo intramolecular rearrange¬ 
ment, especially with acid reagents; such rearrangement causes a 
complete change in the ring system and has made the correlation 
of degradation products and the determination of their constitution 
a problem of extreme difficulty. 

Nomenclature. — In general, the names used are derived from those of 
the species of plants in which some of the more important compounds 
occur. Only in certain cases is a systematic nomenclature of value; 
in these cases reference is made to the completely demethylated hydro¬ 
carbons of the three main groups of which the first and last are known; 
these are called norcarane, norpinanc and norcamphane, and the carbon 
atoms are numbered as shown below (sec also Brcdt and Savelsherg, J. pr. 97, I; 
cf. p. 180): 


5 4 3 5 4 3 6 4 3 


CHg—CHa—CHa 

CHa—CHj—CH 

CHa—CH—CHa 

7CHa 

j 

7CHa 

j j 

7CHa 

j j 

CHa—CH-CH 

CHa—CH CHa 

CHa—CH—CHa 

6 12 

0 12 

6 12 

Norcarane 

Norpinanc 

Norcamphane 


II. CARANE GROUP 

The compounds of this group resemble those of the sabinane 
group in containing a cyclopropane ring, which is, however, combined 
with a cyclohexane ring. Hydrocarbons of this series occur in 
essential oils; the other compounds have only been prepared arti¬ 
ficially. 

The parent hydrocarbon, norcarane (see*formula above), b.p. 111—112®, has 
been obtained by the decomposition of the barium salt of norcaranecarboxylic 
acid (from cyclohexene and diazoacetic ester) {Ehely Brunner and Mangelliy 
Helv. 12, 19; cf. p. 165). 

1. Hydrocarbons. — d®-Carene {isodiprene; see Aschan, Ann. 461, 4), 
CioHig(I), b.p. 168—l69®/706mm., n^ 1*469, d^J 0*8686, occurs as the d-form in 
Indian turpentine oil from Pinus longifolia'Roxb.f in Sumatra turpentine oil, in 
Swedish pine-needle oil, in pine-root oil, in knee-pine oil from Pinus pumilio^ 
in German gum turpentine oil {Stephan^ J. pr. 143, 123) and in many other 
oils; the Z-form occurs in the oil of Kaempferia galanga. In some of these 
oils, e.g. Swedish pine-needle oil, sylvestrene (p. 213) was formerly believed 
to be present, owing to the formation of sylvestrene dihydrochloride by the 
action of hydrogen chloride. It has, however, been shown {Simonsen et al., 
J. 117, 670; 128, 649; 1928, 359; 1929, 305) that sylvestrene does not occur 
if the oil is carefully separated, but only arises as a product of secondary change 
of the zl*- and zl^-carene present, by heat (in kiln turpentine oil) or chemical 
reagents (in sulphate turpentine oil). Only after such treatment does the 
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oil give the blue colour with acetic anhydride and a drop of sulphuric acid 
which is characteristic of sylvestrene (Wallach^ Ann. 239, 24; Semmler and 
von Schiller, Ber. 60, 1691). /d®-Carene is a colourless oil with a characteristic 
sweet odour. It forms a crystalline nitrosate, decomp. 147®, and a nitroao- 
chloride, m.p. 101—102® {Lagache, C. 1928 1 339), which with NagCOj in 
alcohol gives nitroso-A^-carene, m.p. 89—90®, and with aniline, A^-carene- 
nitrolamlide, m.p. 143—144®. Dilute sulphuric acid does not bring about 
hydration of Zl®-carene, but hydrochloric acid in acetic acid solution de¬ 
composes it and gives a mixture of sylvestrene dihydrochloride (III), m.p. 72®, 
and dipentene dihydrochloride (II), m.p. 48—60®: 

CHa-C CH CH,.C-C1 CH-CCl 

\cHj—CH^6(0H,)2 ^CHa—CH j/ '^CH, 

(I) (11) 

^CHj—CHj^ 

and CHa-CCl CHjp„ 

— CK^c/ 

Aci 

(III) CH., 


Treatment of /I®-carcne w ith K]Vln 04 gives as primary products two glycols, 
m.ps. 68-70® and 90—91®, which are apparently stereoisomeric. Further 
treatment gives, according to experimental conditions, the following acids: 
dimethylmalonic, as-dimethylsuccinic, cis- and trans-caronic, (decomposition 
points 174—176® and 213®; p. 31), cis-homocaronic, CgHi 204 , m.p. 137® 
(p. 32) {Hariharan, Menon and Simonsen, J. 1928, 431), and a hydroxy- 
acid CioHi^Og in two forms of m.p. 133® and 192®, which is probably the 
oxidation product of the enolic form of a ketonic acid formed in the oxidation 
{Simonaen and Rao, J. 123, 649; cf. Wallach, Ann. 362, 263). The oxidation 
of /1®-carene with ozone {Semmler and von Schiller, Ber. 60, 1691) gives the 
keto-aldehyde CioH^gOg (I) {diaemicarhazone, m.p. decomp. 198—199®), which 
on cautious oxidation gives the ketonic acid CioHjeOg (II) {semicarbazone 
m.p. 182—183®). Further degradation of this acid with alkaline hypo- 
bromitc gives a dicarboxylic acid C 9 H 14 O 4 (III), m.p. 112—113®, while acid 
permanganate leads to cis-caronic acid (IV), m.x). 174—176®: 


OHC—CH, 


HOOD—CH, 


CHoCO. 


\ 


CHj—CH 

(I) 

HOOC—CH, 


\CH 

C(CH3), 


CH 3 CO 


\ 


CH, 


^CH 

-cn C(CH,)3 

(II) 


HOOC 


\ 


(III) 


\CH 
- C(CH3)3 


HOOC 

\CH 

HOOC—CH^(CH 3 )j 
(IV) 


For the autoxidation of /1®-carene sec Owen and Simonaen, »T. 1931, 3001. 
With perbenzoic acid zl®-carene gives A^-carene oxide, CioH^O, b.p. 
79—80®/13 mm. {Arhuaov and Mtchailor, J. pr. 127, 1 ). For the semicycUc 
unsaturated ^-carene, corresponding to nopmene, see Joff re. Bull. Pin 1931, 
79, 109; Dupont and Joffre, C. 1932 II 136). 

/l^-Careno {pinonene, see Aachan, Ann. 461, 7), CioHju, 

/CHj—CHa. 

CHa-C/ >CH, 

^CH CH<" I 

CH^d-CH, 
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occurs as its (2-form, together with ^®-carene, in the oil from Andropogon 
iwarancuaa {SimonaeUy J. 121, 2292), and in pine-root oil {Semmler and von 
Schiller, Ber. 60, 1691); b.p. 166.6-167®/707 mm., dJJ 0-8626, n®® 1.474. On 
treatment with hydrogen chloride in acetic acid it gives, like J®-carene, 
dipentene dihydrochloride and sylvestrene dihydrochloride. Cautious oxi¬ 
dation with KMn 04 gives ( 2 , 1 : l-dimethyl-2-y-ketobutyl-cyclopropane-3- 
carboxylic acid (I) (p. 29), aemicarhazone m.p. 182—183® (synthesis of 
the (2,2-compound, see Owen and Simonaen, J. 1982, 1424). With sodium 
hypobromite this ketonic acid gives the dicarboxylic acid C 9 H 14 O 4 (II), m.p. 
104—106® (p. 32), and from this by the action of HBr at 100® homoterpenylic 
acid (III) m.p. 98—100® is obtained (p. 266): 


CHo 


CH. 


CH,-C0/ 


> 


CH, 


CH 2 


CH 


HOOC^ ^CH 

HOO(>-CH-C(CH 3)2 


HOOC—CH-C(CHa )2 

(I) (II) 

/CH2—CHav 

HOOC CHa-CH . 

/ ! 

OC—O—C(CH 3)3 

(III) 

/CHa—CH3. 

Carane, CioHig, CH 3 • CH<^ __ _^CH , can be prepared from carone 


CH3.C.CH3 

hydrazone by heating with sodium methoxide {Semmler and Feldstein, 
lEier. 47, 387); b.p. 92—93®/l0 mm., and 166—166® at atmospheric pressure 
with slight rearrangement (probably to J®-menthene), d|J 0-8381, no 1-4682. 
After treatment with hycirogen in the presence of Pt-black its physical 
constants are unchanged {Kreatinaki and Saolodki, J. pr. 126, 14; Zelinaky 
and Levina, Ann. 476, 62), but it can bo dehydrogenated with Pd-asbestos 
to a mixture of p-menthane and cymene {Levina, C. 1936 II 3660). 

2 , Alcohols. — Carol, CioHigO {Menon and Simonaen, C. 1927 II 1473), 


CH3.CH 


/ 




-CH,. 


^CH(OH)—CH^I 

CH^C-CH3 

is obtained as its 2 -form by treating ( 2 -carylamine (see below) with nitrous 
acid; b.p. 141—142®/100 mm.; it is an oil with a pleasant smell resembling 
that of linalool. For an isomer of carol see Semmler and von Schiller, 
Ber. 60, 1691; for hydroxy-chloro-carane, CiqHi^OCI, see Pillay and 
Simonaen, J. 1928, 369. 


3. Ketones. — Carone, CiqHijO, (formula below), b.p. 98®/13 mm., dj’ 
0*966, njJ 1*478, [a]D4- 134® {Richter, Wolff and Preating, Ber. 64, 877); is 
obtained from dihycirocarvone hydrochloride or hydrobromide by the action of 
alcoholic potash. It is relatively stable to permanganate, which only attacks 
it at 100® and oxidises it to caronic acid ( 1 : 1 •dimethyl-2: 3-cyclopropane- 
dicarboxylic acid) (I) (p. 31), The cyclopropane ring of carone can be 
opened in three different directions: (a) at the C®—C 7 bond: on heating 
to about 210® carone rearranges to carvenone (II) {Briihl, Ber. 32, 1222); 
by the action of HBr it is reconverted into dihyclrocarvone hydrobromide, 
and sulphuric acid gives hydroxy-tetrahydrocarvone: (b) at the C,—C 7 bond: 
carylamine, obtained by the reduction of carone oxime, m.p. 78®, is stable 
to permanganate, but rearranges with HCl to the isomeric unsaturated 
vestrylamine (HI), the hydrochloride of which gives carvestrene on heating 
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{Baeyer, Ber. 27, 3486): (c) at the Cj—C® bond: cyanocarone, CioHi5(CN)0, 
m.p. 66®, obtained by the action of alcoholic potash on cyanodihydrocarvone 
hydrobromide, can be degraded to caronic acid, but on warming with caustic 
potash gives eucarvone (IV) (see below) {Clarke and Lapworthy J. 97, 11). 


CHo CH—CO—CHv 7 /CH. 

I I 

CHa—CHj—CH/ ^CHj 

3 2 1 

1 Caronc I 


( 1 ) 

CHa 

(IV) 


HOOC—CH.^ ^CHa 
HOOC— 

■C— CO—CH,v^ 7^CH, 
liH—CH=C h/^\cH3 

3 2 1 


CHa-CH—CO CH 

-> i I! /CHa 

(II) CHa--CHa—C.CH< 

\CHa 

CHa • CH—CH(NHa)—CH • C=CH2 

I i pTT 

(III) CHa—CHa ——CHa 


Carone semicarhazone: active m.p. 167—169®, dly m.p. 178®. Carone oxime: 
active, a liquid, dl, m.p. 77—79®. Bisnitrosocarone: active, m.p. 116—118®, 
dl, m.p. 148®. 

For carenone C10H14O, semicarhazone m.p. 169—161®, a by-product in the 
permanganate oxidation of /l®-carene, and the corresponding saturated 
ketone, semicarhazone m.p. 223—224®, isomeric with carone, see Semmler 
and von Schiller, Ber. 60, 1691. 

A hydroxy-carone, CioHjaOa, b.p. 136®/19 mm., can be obtained from 
dihydrocarvone dibromide; with caustic soda this gives hydroxy-bromtetra- 
hydrocarone, which by treatment with methyl alcoholic potash is trans¬ 
formed into hydroxy-carone. If this is treated with dilute sulphuric acid, 
it is changed into a ketoderivative of terpin {Baeyer, Ber. 81, 3208). 

Pseudo-phcnylacetic acid or nor-caradiene-carboxylic acid (pp. 73 and 166), 
prepared from benzene and diazoacetic ester, has a similar constitution 
and undergoes changes analogous to those of carone. 

Eucarvone (IV, above), b.p. 88®/10 mm., dj® 0»9490]5, n 1*60872 {Auwers, 
Ann. 416, 164), has a 7-mcmbered ring, but is treated here because of its 
relationship to carone. It is formed from carvone hydrobromide with alco¬ 
holic potash, evidently with the intermediate formation of an unstable 
a^-unsaturated carone (cf. the transformation of cyano-carone into eucar- 
vonc). It is optically inactive, and gives a deep blue unstable colour when 
evaporated with methyl alcoholic potash. Semicarhazone m.p. 184®; oxime 
m.p. 106®; hydroxylamino-oxime m.p. 142® {Harries, Ann. 880, 276). It 
condenses with benzaldehyde to give henzylidene-eticarvone, m.p. 113®. 
Oxidation leads to acetic and as-dimcthylsuccinic acids. Autoxidation of 
eucarvone; p. 73 and 163. Adduct with maleic anhydride: Alder and. Stein, 
Ann. 615, 167. 

On continued heating eucarvone rearranges to carvacrol; similarly 
2-chlorcymene is formed by the action of PCI5. The unsaturated diamine 
obtained by reduction of the hydroxylamino-oxime of eucarvone gives 
p-cymene when its phosphate is distilled. In these cases it is assumed that 
cycloheptatriene derivatives are formed intermediately, and that these 
rearrange under the conditions of reaction to the more stable benzene deriva¬ 
tives (cf. the transformation of cycloheptatriene into benzyl bromide, p. 71). 

Two series of dihydro-eucarvyl derivatives are known. a-Dlhydro- 
eucarveol, CioH^^OH, b.p. 114®/16 mm., is obtained together with tetra- 
hydroeucarvcol by the reduction of eucarvone with sodium and alcohol; 
on oxidation it gives a-dibydro-eiicarvone, CioHjeO, b.p. 87®/16 mm. ( Wallach, 
Ann. 889, 102); semicarhazone m.p. 189—191®. a-Dlbydro-eucarvylamine^ 
CioHi7NHa, b.p. 117®/40 mm., from eucarvoxime with sodium and alcohol; 
its hydrochloride gives euterpene on heating ( WaUach, Ann. 806, 239). The 
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compounds of the a-series have the double bond either in the 1:2- or 
2: 3 position (see formula IV, p. 249). 

The compounds of the /3-series are obtained by partial reduction of eu- 
carvoxime with palladium and hydrogen ( Wallach^ Ann. 403, 73) to P-dihydro- 
eucarvoxime m.p. 122—123®, from which /3-dihy(lro-cucarTone, 

213—214®, can be obtained; since this can be degraded to ^/3-diniethyladipie 
acid it is a zl®-* compound. This formula is also supported by the fact 
that /3-dihydro-eucarvoxime can be reduced directly with sodium and alcohol 
to tetrahydro-eucarvylaminc, CjoHi^NHa, b.p. 208*5® {Wallach, Ann. 414, 
367). The dihydro-compounds of the a-series and those of the /3-serie8 
give the same tetrahydro-derivatives on further reduction. From /3-dihydro- 
eucarvone a dihromide CioHujOBrj, m.p. 71—72®, can be prepared, from which 
by the action of caustic potash a-cyclogeranic acid CioHigOj is obtained 
together with products of uncertain constitution {Wallach^ Ann. 418, 63). 

Tetrahydro-eucarvone, CjoHigO, b.p. 208-209®, d^® 0*9095, nn 1*4668, a 
substance smelling like menthone, can be prepared from eucarvone by 
reduction by the Paal-Skita method, by hydrolysis of tetrahydroeucarvoxime, 
m.p. 56—57®, prepared from eucarvoxime with Pd and hydrogen {Wallach, 
Ann. 403, 87), and from tctrahydro-cucarveol (sec below) by oxidation. With 
bromine it forms a monohromide m.p. 32® or a dihromide m.p. 68®, according 
to the experimental conditions {Wallach, Ann. 414, 367; 418, 63). 

Tetrahydro-eucarveol, CioHjqO, b.p. 216®, can be obtained from tetrahydro- 
eucarvone by reduction with sodium and alcohol, or from the dihydro- 
carveols with Pd and hydrogen; it is also prepared from eucarvone by treat¬ 
ment with sodium and alcohol, together with a-dihydrocarveol. Phenyl- 
urethane m.p. 74—76®. 


III. PINANE GROUP. 

While carone and its important degradation product, caronic acid, 
can be synthesised relatively easily, a complete synthesis of a- and 
^-pinene has not yet been carried out. The artificial preparation 
of norpinic acid, 2:2-dimethyl-cyclobutane*l: 3‘dicarboxylic acid 
(p. 39), which is the final product of the oxidative degradation 
of pinene (p. 253), has been achieved; from this, pinononic acid has 
been prepared, which can give keto-norpinone (Guha and Oanapathiy 
Ber. 69, 1185). Further, pinononic acid can be used for the synthesis 
of iso-homocamphoric acid, the lead salt of which on distillation 
furnishes dZ-verbanone, and this has led to a complete synthesis of 
dZ-^-pinene and dZ-pinane (Komppa and Klamia, Ber. 70, 788). 
A partial synthesis of a-pinene has been carried out from pinonic 
acid (Ruzicka, Helv. 3, 705; 4, 666; 7, 489), but there is still a gap 
in the complete synthesis between verbanone and a- or /5-pinene. 

1. Hydrocarbons. — The fundamental hydrocarbon, norpinane, 
bicyclo-[1:3; 3]-heptane (p. 246) is not yet known. 

a- and ^-Pinene. — The pinenes, chiefly a-pinene, are widely 
distributed in essential oils and are the chief constituents of oil of 
turpentine, the essential oil obtained from the oleoresins of various 
conifers, notably of the various species of Finns. 

Turpentine Oil. — The resinous secretion from the conifers, called 
turpentine, consists of a solution of resins in turpentine oil, which can be 
distilled off in steam, leaving the resin colophony. Turpentine oil is a 
colourless liquid, d 0*856—0*87, b.p. 155—166®; its persistent smell arises 
from the peroxides formed in it by autoxidation in air (see below). It is 
almost insoluble in water, but is miscible with absolute alcohol and ether. 
It dissolves sulphur, phosphoruid and rubber and is used for the preparation 
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of varnishes and oil-colours. Turpentine oil is used in medicine as an antiseptic 
and a stimulant, e.g. terpichine (10—20% solution of pure turpentine oil in 
olive oil with the addition of 0-5% of quinine and 0-5% of anaesthesin), etc. 

Turpentine oils vary according to their source, and particularly in optical 
rotation. The American, Algerian and Greek turpentine oils contain chiefly 
d,a-pinene, the French and Spanish chiefly Z,a-pinene. a-Pinene is also 
found as the d-, the Z- and the dZ-forms in many other essential oils, such 
as those of eucalyptus, juniper berry, and sage. 

In most cases, and particularly in turpentine oils, a-pinene is accompanied 
by small amounts of a closely related higher-boiling terpene with a semi- 
cyclic double bond known as ^-pinene, which gives the same hydrochloride 
with HCl; its oxidation products, however, are characteristically different. 
The names y- and <5-pinene were given to two ring-unsaturated pinene 
derivatives. y-Pinene was thought to have a double bond in the 3:4-po8ition 
{Wallach and Blumann^ C. 1907 II 983), but this is sterically impossible 
(cf. pp. 183 and 270); the compound docs not exist and the name should 
not be used. 5-Pinene, however, with the double bond in the sterically 
possible position 5:6-, has been synthesised (see below). 

a-Pinene, CH^-CH-CH^ 

CHg-C-CHa 

CH C(CH3)=CH 

8 4 5 

b.jf. 166®, d*® 0*8592, n^ 1*4664; parachor: Kurssanov, C. 1935 II 3494; 
electric moment: Svtrhly, Ahkard and Warner^ Am. 57, 652; Raman spectrum: 
Nevgi and Jakkar, C. 1935 II 204. cZ,a-Pinene is obtained by fractional 
distillation of American or Greek turpentine oils, Z,a-pineno from French 
turpentine oils, but neither is optically pure. The highest observed rotations 
are for d, a-pinene from Port Orford cedar oil: [a]D + 61*52® {Sekorgeff 
C. 1914 II 1107; OabianOf C. r. 109, 1607); for Z,a-pinene from the gum 
of the Gouglas pine: [a]D — 61 *28® {Thurber and Thielke, Am. 68, 1030). 
a-Pinene is obtained very easily from its nitrosochlonde (p. 255) by 
treatment with aniline or with sodium acetate in acetic acid, also by the 
action of sodium ethoxide on verbenone hydrazone and by reduction of 
verbenene with sodium and alcohol. The hydrocarbon CioH^g obtained by 
thermal decomposition of pmocamphyl-trimethylammonium hydroxide 
(Ruzicka and Trebler, Helv. 8, 756) or of pinocamphylxanthogenic methyl 
ester {Tchugaev, C. 1908 I 1179) is a mixture of a-pmene and (5-pinene, as 
is shown by the fact that pinocamphoric acid and pinonic acid are the pro¬ 
ducts of its oxidation {Ruzicka and Fontaltif Helv. 7, 489). 

a-Pinene contains a double bond in the ring, as can be shown, for example, 
by treatment with diazoacetic ester {Btichner and Rehorsty Ber, 46, 2680). 
The true halogen addition products of pinene, CjoHigHalj, cannot be isolated, 
because they immediately undergo further change with rearrangement or 
rupture of the carbon bridge; substitution also takes place as well as addition. 
The action of chlorine gives a complex mixture of products from which 
can be isolated pinene dichloride, which is a 2:6-dichlorcamphane (p. 274), 
m.p. 173—174® {Aschariy Ber. 61, 38) and from which tricyclene can be 
obtained by removal of chlorine (p. 276), together with pinene hydro¬ 
chloride, liquid chlorinated products and polychlor-compounds. Similarly 
with bromine, pinene dibromide, i.e. 2:6-dibromcamphano, is obtained with 
pinene hydrobromide and liquid broramated products {Pariselle, C. r. 172, 
1496). By the action of moist hydrogen halides a-pinene gives dipentene 
dihydrohalides, while with dry hydrogen halides in the cold monohydro¬ 
halides are obtained. Under suitable conditions it is possible to isolate the 
primary addition product of HCl and pinene, “true pinene hydrochloride”, 
which can only be kept unchanged for a short time in ethereal solution 
{Meerwein and van Emater, Ber. 55, 2621; Meerwein and Vorater, J. pr. 147, 83). 
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The change which the “true pinene hydrochloride” (I) undergoes leads 
chiefly to bornyl chloride (II); but some fenchyl chloride (III) is also formed 
{DiUpine and Cachat, BuU. 89 [1926], 1746). For the transformation of 
pinene into bomeol with the aid of phosphoboric acid, see Germ. Fat. 6od,K)^6, 
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In the same way, when pinene is treated with organic acids, such as 
acetic, oxalic, trichloracetic, salicylic, tetrachlorphthalic, etc., esters of 
borneol or of the stereoisomeric isoborneol (e.g. Schmidt^ C. 1936 II 2881) 
are formed, together with varying quantities of the corresponding ester of 
fenchyl alcohol {DUipine and Adida, Bull. 89 [1926], 782) and other re¬ 
arrangement products such as camphene, limonene and dipentene. This 
change from pinene to borneol or isoborneol is made use of technically in 
the preparation of camphor from turpentine oil (p. 286). In the addition 
of hypochlorous acid to pinene both the double bond and the four-membered 
ring disappear. The dichlorhydrins so formed are derivatives of menthane, 
and with alkali they give pinol oxide, sobrerythritol, pinol chlorhydrin 
(p. 260) and other compounds {Wagner and Slavinski^ Ber. 32, 2064; Hender¬ 
son and Marsh, J. 119, 1492). By the action of dilute nitric or sulphuric 
acid on pinene terpln hydrate is formed, while with sulphuric acid in acetic 
acid or with benzenesulphonic acid {Earl and Kenner, J. 1927, 1269) the 
primary product of hydration and bridge-opening, a-terplneol (p. 223), can 
be isolated. Pinene rearranges to dipentone when heated to 250—270®. The 
change from pinene to camphene by heating with organic acids such as 
formic {Reismann, Bull. 41 [1927] 94), abiotic {PeufatUit and Austerweil, French 
Pat. 663,208), etc., depends apparently on the decomposition of the bornyl or 
isobomyl esters first formed into camphene and the acid. The catalytic change 
from pinene to camphene can be carried out with phosphomolybdic and 
phosphotungstic acids and with other inorganic and inorganic-organic 
complex acids which give more or less unstable addition compounds with ter- 
penes, and also with salts such as MgS04, HjO or NiS04, HgO {Schering-Kahl- 
haumA.-O., Brit. Pat. 376,396; Germ. Pat.670,967,678,669; Brit.Pat.391,073; 
Germ. Pat. 584,166, 697,268; Tishtchenko and Rudokov, C. 19361 2640). When 
the vapour of pinene is passed over a catalyst at 300—400® (Cr-Cu catalyst 
of Adkins, “suprax” glass fragments), the bridge opens and isomeric change 
takes place to monocyclic compounds (dipentene, pyroneno [Dupont and 
Dulou, C. T. 201, 219; 202, 1861]). About 25% of allo-ocimene (CH3)2C: CH*CH 
:CH.C(CH3):CH.CH8, b.p. 81®/12 mm., 193.6-194.6®/760 mm., dj^ 0*8162, 
njf 1*6448, is also formed by opening of both the bridge and the ring; this 
compound has been synthesised from the condensation product of methyl- 
heptadienone and a-bromopropionic ester by hydrolysis and distillation 
{Fischer and Lbwenberg, Ber. 06, 669). Addition product with maleic anhydride, 
m.p. 81-82®, with a-naphthaquinone, m.p. 122® {Arhusov, Ber. 67, 663, 669; 
68, 1436; C. 1936 II 3681; see also p. 201). 

The oxidation products of pinene have been thoroughly investigated. 
Even in air turpentine oil slowly absorbs oxygen, and the first products of this 
autoxidation are an unsaturated alcohol, verbenol (p. 268), and the corre¬ 
sponding ketone, verbenone (p. 261). Their formation can be accelerated 
by the use of oxidation catalysts, e.g. colloidal osmium {Wienhaus and 
8chumm, Ann. 489, 20; Suzuki, C. 1936II 626). Besides these two substances, 
which still belong to the pinane group, formic and acetic acids and small 
quantities of cymene are formed, with large amounts of resinous acid sub¬ 
stances. For the formation of pinol hydrate from pinene in air under the 
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influence of sunlight see p. 269. Energetic oxidising agents such as nitric 
acid give terebic acid (p. 254), p-toluic acid, terephthalic acid and other 
compounds. With chromic acid the chief product is terpenylic acid 
(p. 256). By oxidation with mercuric acetate, dZ-sobrerol is formed, a reaction 
which can be used as a test for pinene, because of the ease with which the 
sobrerol can be isolated. Sobrerol can be further oxidised to hydroxy-di- 
hydrocarvone or carvone hydrate (p. 238). From the latter, carvone and 
carvacrol are formed by dehydration with oxalic acid, and terpenylic acid 
(p. 266) by further oxidation with KMn 04 (Henderson and Agnew, J. 96, 289). 
From pinene and benzoyl peroxide, pinene oxide CioHigO is obtained, b.p. 
70-710/12 mm., dj® 0-9627, n.^ 1-4709 (Ritter and Russell, Am. 68 , 291), 
which is also converted into pinol by hydration (Nametkin and Jarzeva, 
C. 1926 II 716), but rearranges with ZnBrji in benzene to campholenaldehyde 
(Arhusov, Ber. 68 , 1430). 

Cautious oxidation of pinene with KMn 04 gives first of all a-pinene glycol, 
CioHi 4 (OH) 2 , b.p. 1460/14 mm. (Wagner, Ber. 27, 2270; cf. also Slavinski 
and Zacharevicz, C. 1936 I 3291), which is readily oxidised further to a keto- 
monobasic acid, pinonlc acid, m.p. (active) 70®, (dl) 104®, b.p. 

168®/12 mm.; semicarbazone m.p. (active) 203—204®, (dl) 206—207®; oxime 
m.p. (active) 128® and 191®, (dl) 160® (Dupont and Brus, Ann. chim. (9), 
19,186). A small quantity of a keto-dibasic acid, pinoylformic acid, C 10 H 14 O 5 , 
m.p. (dl) 79®, is also formed. a-Pinene ozonide, formed by the action of 
ozone on pinene (Harries and Seitz, Ann. 410, 21), gives pinonic aldehyde 
from which pinonic acid (Harries and Neresheimer, Ber. 41, 38) can also be 
obtained (Harries and von Splawa-Neyman, C. 1916 II 994). Pinonic acid 
is often used as a test for a-pinene in essential oils, particidarly when the 
hydrocarbon is present in a very active form (p. 256, pinene nitroso- 
chloride). For the use of pinonic acid as starting material for the synthesis 
of pinocamphone see p. 262. 

Pinonic acid is easily attacked by oxidation with bromine and alkali 
or with dilute nitric acid to give the very stable pinic acid, CJH 14 O 4 , m.p. 
102 ®, and oxidation of a-hydroxypinic acid, prepared via a-bromopinic acid, 
furnishes norpinic acid, C 8 H 12 O 4 , m.p. (cis) 174®, (trans) 146®. All these acids 
contain the 1:1-dimethyl-cyclobutane (“piceane”) ring of pinene (Baeyer, 
Ber. 29, 2776; Oestling, J. 101, 467; C. 19211 619). For a synthesis of trans 
norpinic acid see p. 39. 

The course of the oxidation is shown in the following scheme: 


I . 


CH 

CH3 CO2I 

"co 


CH 


Pinoylformic acid 

I 

-- —► 

H 


HC 


CH,.CH 


C 

in, 

a-Pinene 




CH 

CH, 00,H 

"co 


CH, 

Pinonic acid 


CH 

CH 



CH, CO,H 

^ hc:^ ''6h. 

^COaH 

^COaH 

Pinic acid 

Norpinic acid. 


The energetic action of bromine on pinonic acid in the presence of water 
leads to deep-seated changes with the formation of 2 : 4 -dimethylphenyl- 
acetic acid (Harispe, 0. r. 202, 1691). 
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The degradation of pinonic acid and pinoylformic acid can be carried 
out in two other ways: 

(1) By the action of chromic acid, pinonic acid gives iso-ketocamphoric 
acid, CjoHigOs, which is also obtained by the oxidation of campholenic acid 
(p. 301). The iso-ketocamphoric acid can be further degraded to isocampho- 
ronic acid, H 02 C*CMe 2 GH(CH 2 C 02 H )2 (synthesis: Perkin, Proc. 16, 214), 
and to dimethyl-tricarballylic acid, H 02 C‘CMe 2 CH(C 02 H) CH 2 C 02 H; the 
constitution of the latter acid is proved by splitting the corresponding 
hydroxy-acid {Baeyer and Villiger, Ber. 30, 1969) into dimethylsuccinic 
acid and oxalic acid by fusion with potash (cf. hydroxycamphoronic acid, 
p. 315). The curious oxidation of pinonic acid to iso-ketocamphoric acid is 
not completely understood, but may be due to the formation of a dihydroxy 
compound which then undergoes the pinacol-pinacolin ri'arrangement 
(Simonsen, “The Torpenes”, vol. 11, p. 111). Wagner and Slawinski (Ber. 32, 
2080) have suggested that a rearrangement via dihydroxy-dihydro-a- 
campholenic acid may take place. 
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(2) When heated with acids {D^Upine, C. r. 179, 980), pinonic acid 
rearranges with hydrolytic fission into homoterpenylic methyl ketone; 
semicarbazone m.p. 200® {Oandini, Gazz. 64, 594); this substan(*o is a 
degradation product of a-terpmeol (p. 223). In the same way, pinoylformic 
acid rearranges to homoterpenoylformic acid, 

CHo—CH-CH.-CO 


HOOC • CO. CH 2 C(CH 3 ) 2 —O 

These rearrangement products give on further oxidation (/baeyer, Ber. 29,2776): 
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Terebic Acid, C 7 H 10 O 4 , m.p. 175®, first obtained by oxidation of turpentine 
oil with nitric acid, is also formed by the oxidation of terpenylic acid, best with 
permanganate, and by the oxidation of isopropylsuccinic acid with chromic 
acid. Synthetically it can be obtained by the condensation of acetone with 
bromsuccinic ester by means of Zn—Cu, or by the action of McMgl on acetyl- 
succinic ester {SimonseM, J. 91, 184); cf. also teraconic acid {Mahla and 
Tiemann, Ber. 29, 933; Blaise, C. r. 126, 349; Lawrence, Proc. 16, 104). 
It behaves similarly to paraconic acid (I, 612). When it is heated, pyro- 
terebic acid, (CH 3 ) 2 C:CH*CH 2 C 02 H (I, 347), is formed with evolution ofCOg, 
together with iso-caprolactone and teraconic acid, (CH 3 ) 2 C:C(C 0 aH)CHaC 02 H 
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(I, 673), which is reconverted into terebic acid by warming with mineral 
acids. With baryta, terebic acid gives the crystalline barium salt of diaterebic 
acid or hydroxyisopropyl-succinic acid. On oxidation with nitric acid terebic 
acid gives valerolactone-dicarboxylic acid (y-methylbutyrolactone-^,y-di- 
carboxylic acid) {Bredt and Kershaw, Ber. 32, 3662) 

COjH ■ (!!(CH3)CH(C00H)CH*C0^ 

For the formation of terebic acid from caronic acid see p. 31, and for 
methods of distinguishing it from caronic acid, which melts at the same 
temperature, see Locquin, Bull. 16 (1914), 747. 

Terpcnylic Acid, C8H12O4, m.p. 90®, is formed by the oxidation of turpentine 
oil with chromic acid, and from homoterpenylic acid with nitric acid ( Baeyer, 
Ber. 29, 2789). It can be obtained synthetically by the action of CHaMgl on 
/5-acetylglutaric ester {Simonsen, J. 91, 184). On distillation it gives teracrylic 
acid, (0113)20 :C(CH3)CH2C02H (I, 347). Terpenylic acid can be reduced to 
^-isopropylglutaric acid, which is oxidised back to terpenylic acid by 
chromic acid (cf. Mahla and Tiemann, Ber. 29, 930, 2621; Lawrence, Proc. 
16, 104). For hydroxy terpenylic acid cf. p. 238. 

Homoterpenylic acid, C9H14O4, m.p. 102®, is formed by the oxidation of 
homoterpenylformic acid (sec above) with fuming nitric acid or with lead 
oxide {Baeyer, Ber. 29, 1916); it can be obtained synthetically from CHaMgl 
and /3-acetyladipic ester {Bimonsen, J. 91, 184). 

Starting from pineno, homoterpenylic methyl ketone can thus be obtained 
in two different ways: (1) pinene is oxidised to pinonic acid and the 4-ring 
in this is opened hydrolytically; (2) pinene is transformed by hydrolysis into 

monocyclic compound, terpin hydrate or a-terpineol, and this is oxidised. 

Pinene hydrochloride, hydrobromide and hydriodide: see p. 252 and under 
bomyl chloride, bromide and iodide (p. 274). 

Pinene dichloride and dibromide: see p. 251 and under dichlor- and di- 
brom-camphane (p. 274). 

Pinene nitrosochloride, (CioHi3NOCl)2, is obtained from a-pinene and NOCl, 
or amyl nitrite, acetic acid and hydrochloric acid (cf. e.g. Rwpe and Loffl, 
Hclv. 4, 149); the decomposition point of the di-form has been given as 
116®, but depends the method of preparation and the rate of heating {Huzicka 
and Trehler, Helv. 3, 756). The di-form of the nitrosochloride serves as a 
test for dZ-a-pinene in essential oils, as it is much less soluble than the active 
form {Lynn, Am. 41, 361). The latter, decomp. p. 89*5®, [a]|5 -f 396-2® (in 
benzene) {7'hurber and 7'hielke, Am. 63, 1030), is therefore unsuitable as a 
test for strongly active a-pinene. For this purpose pinonic acid is more 
frequently used. dl-Pincne nitrosobromidc, decornp. p. 92®. Pinene nitroso¬ 
chloride (p. 239) rearranges to hydrochlorocarvoxime when treated with 
HCl in ether {Baeyer, Ber. 29, 12); with KCN it gives a nitrosocyanide, m.p. 
171® {Tilden and Burrows, Proc. 18, 161). By the action of aromatic bases 
such as aniline and toluidine upon the nitrosochloride, a-pinene is either 
regenerated or nitrolamine bases are formed, according to the conditions: 
pinene nitrolaniline, C13H22ON2, m.p. (dZ) 122®, {Lynn, Am. 41, 361; Earl and 
Kenner, J. 1927, 1269). On the other hand, ammonia and primary aliphatic 
bases (including benzylamine and piperidine) produce only nitrolamines, which 
are usually well crystalline: pinene nitrolamine, m.p. (dZ) 137® {Leach, J. 91, 1); 
pinene nitrol benzylamine, m.p. (dZ) 123-124®, (active) 144—146® {DdUptne, 
Alqmer and Lange, Bull. 1 (1934), 1250); pinene nitrolpiperidine, m.p. (dZ) 119®, 
(active) 84®. Withs econdary aliphatic bases, such as diethylamine, or with 
sodium ethoxide, and even by heating in chloroform solution, pinene nitroso¬ 
chloride splits up into HCl and nitrosoptoene, a derivative of ^-pinene (see below). 

/5-Pilien©, nopinene (formula p. 256), b.p. 166-2®/760 mm., d®® 0-8708, 
n|5 1-4812, is found with a-pinene in American turpentine oils and to 
a greater extent in the French oils, usually as the laevorotatory form 
and almost optically pure: [ajo between —19*24® and— 22'b^ {Stephan, 
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J.pr. 148,123). Abnormal rotatory dispersion: Padmanahhan and Jatkar, C. 
193613515. /?-Pinene has been shown to be present in a whole series of essential 
oils: the ^-forrn in oil of hyssop {Rutovaki and Vinogradovaf 3. pr. 120, 46), 
in the oil from Laurua nohilia L. {Morani, C. 1926 I 2980), in pine-root and 
pine-needle oil {Semmler and von Schiller, Ber. 60, 1591), etc.; the d-form 
in the oil of the ripe fruits of Ferula galhaniflua (Rutovaki and Vinogradova, 
J. pr. 120, 41), and as the chief constituent of the oil from the root of Cyno^ 
maraihrum Nuttallii (Nelaon, Am. 56, 3400). It is isolated from these oils 
by careful fractional distillation, and separated from a-pinene (cf. Auaterweil, 
C. 1926 I 2050). It can be obtained synthetically from nopinol-acetic acid 
(p. 262) by heating with acetic anhydride (Wallach, Ann. 868, 9). It unites 
with hydrogen chloride to give a mixture of bornyl chloride, fenchyl chloride 
and dipentene dihydrocbloride, because the primary addition product of 
HCl at the semicyclio double bond of /?-pinene, i.e. true pinene hydrochloride 
(p. 251), undergoes further rearrangement. In the same way the addition 
of organic acids to )5-pinene gives the same products as from a-pinene: 
^-pinene and picric acid give bornyl picrate, a little isobornyl and fenchyl 
picrates, and a-pinene, camphene, limonene and dipentene (DiUpine and 
Adida, Bull. 89 [1926] 782; Auaterweil, French Pat. 685,676 [1924] and 621,954 
[1926]). Weak organic acids, c.g. benzoic, react under mild conditions with 
^-pinene to give a-pinene, together with quite small amounts of bornyl 
benzoate and dipentene (Auaterweil, Bull. 39 (1926), 1643; Auaterweil and 
Petrovici, ibid., 1732); a-pinene is also obtained from ^-pinene by the action 
of palladium and hydrogen (Richter and Wolff, Ber. 69, 1733). For the iso¬ 
merisation of a- to /9-pinene under the influence of SeOg see Dupont and 
Zacharevicz, C. r. 200, 759. If /5-pinone is hydrated with 45% sulphuric 
acid, terpin hydrate, also formed from a-pinene (p. 252), is obtained, together 
with a small quantity of the acid sulphate of pinene hydrate (see p. 269) 
(Auaterweil, Bull. 89 (1926), 690). For the isomerisation of )5-pinene to allo- 
ocimene see Arbuaov, C. 1936 I 4736. -Pinene differs from a-pinene in its 
behaviour towards nitrosyl chloride, mercuric acetate (Oaaopouloa, Ber. 
69, 2184), N2OS and KMn04, With NjOa it combines to give a very unstable 
body containing the group :C(NO) *052^^02, which is converted by ammonia 
or steam (Wallach, Ann. 846, 243) into **nitrotercbenthene’* (nitropinene) 
CioHigOjN. This substance is a mixture of nitro-compounds, in which the 
nitro-group is on the co-carbon atom, and the double bond is partly in the 
a-pmene, partly in the /3-pinene position. Reduction with zinc dust in acetic 
acid or with aluminium amalgam gives cu-aminopinenc, CioHjgNHg, b.p. 
80—81®/10 mm., dj® 0-932, n^ 1-4956, which by hydrogenation with Pt and 
H, gives the saturated 01-aminopinane, CioHj^NHg, b.p. 84-87®/ll mm., 
dj*** 0-9327, n^|j* 1-49126 (lahikawa, C. 1928 I 1062). w-Aminopinene and 
nitrous acid give an alcohol which on oxidation with chromic acid gives 
tetrahydro-cuminaldehydo and the corresponding acid ( Wallach, Ann. 
846, 246; cf. the analogous behaviour of )ff-phellandrenc, p. 213). 

Oxidation of /?-pinene with permanganate gives initially /?-pinone glycol, 
CioHie(OH)a, m.p. 76®, which goes further to noplnlc acid, CioHigOg, m.p. 126®, 
an a-hydroxy-acid characterised by its difficultly soluble sodium salt; this 
serves as a test for ^-pinene. Oxidation with loss of COg leads to the ketone 
nopinone, C9Hi40 (p. 262) (Wallach and Blumann, Ann. 366, 227; Wallach, 
ib. 868, 9; NeUon, Am. 66, 3400): 
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Autoxidation of /?-pinene leads to pinocarveol (p. 268) and pinocarvone 

(p. 261). 

Further derivatives of /9-pinene are nitrosopinene, CgHi 2 (:CH 2 )(:NOH), 
m.p. 134®, which is obtained from pinene nitrosochloride (p. 265) by loss of 
HCl, and pinylamfne C9Hia( :CHa)(NH2), b.p. 90®/12 mm., which is formed 
with pinocamphone (p. 262) by the reduction of nitrosopinene with zinc 
dust and acetic acid. By degradation with ozone both compounds lose one 
carbon atom to give ketones, derivatives of nopinone, which are nltroso- 
nopinone and a-aminonoplnone (as acetyl compound) {Ruzicka and Trebler^ 
Helv. 4, 666 ). 

Verbenene, CioHi 4 (I), b.p. 168—169®/749 mm., 


CH 


CH 


H,C^ 

1 



hoc; 




CH 

Ijh, 

II 

CH, 


d^* 0*886 {Blumann and Schmidt, Ann. 468, 48), is formed by the dehydration 
of vcrbenol, when the endocyclic double bond rearranges to the semicyclic 
position. Oxidation with permanganate gives cis-norpinic acid {Blumann 
and Zeitschel, Ber. 64, 887; see p. 263). Reduction with sodium and alcohol 
gives a-pineno (cf. Ruzicka and Pontalti, Helv. 7, 489); treatment with 
PjOg or ZnCl 2 gives cymene. Verhenene dihromide, m.p. (active) 71—72®, 
{dl) 60-62®. 

d-Pinone, CioHi* (II), b.p. 167-168®/740*6 mm., dj® 0*8708, is formed by 
the thermal decomposition of verbanol methyl xanthate {Wienhaus and 
Schumm, Ann. 489, 20) and of verbanyltrimethylammonium hydroxide. 
The reaction can go in one direction only, if the pinane system remains 
intact. Oxidation of the hydrocarbon leads to pinocamphoric acid (see under 
pinocamphone, p. 262). Homopinene, CnHig, see Wienhaus and Schumm, 
Ann. 489, 29 and Hasaelstrom, C. 1931 II 1411. 

Pinane, CioHig, b.p. 166-168*6®, df 0*866-0*860, ng 1*461-1*462, [a]D 

-h 16®-f- 22 ®, is obtained from pinene by catalytic reduction with nickel 

and hydrogen at 220—230® or with platinum and hydrogen at ordinary 
temperatures {Lipp, Ber. 66 , 2099). As saturation of the double bond can 
give two stereoisomeric compounds, the hydrocarbons obtained by different 
methods vary somewhat in their physical properties. Pinocamphane, pre¬ 
pared from pinocamphone hydrazone and sodium ethoxide, also has the 
same formula {Nametkin, C. 1923 III 1166). For pinane from verbanone 
hydrazone see Wienhaus and Schumm, Ann. 489, 36. The degradation of 
pinane with KMn 04 gives methylnopinol CjoHigO, m.p. 79®, stereoisomeric 
with Wallach'^ methylnopinol (see below), pinonic acid CioHjgOg, and terebic 
acid C 7 H 10 O 4 , typical oxidation products of a-pinene (pp. 263, 264). For the 
oxidative degradation to a cyclobutane derivative CjoHigO {semicarhazone 
m.p. 196®) see Shochet, Bull. Belg. 44,387. For the lower homologue, nopinane, 
CgHjg cf. Semmler and Feldstein, Ber. 47, 384. 

3. Alcohols.— A. Monohydric Alcohols: 

CH CH 

CH(OH) 
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Verbenol, CioHigO (1), b.p. 95°/9 mm., m.p. 8®, d'® 0*9745, nfj 1*4938, is 
present in the autoxidation products of a-pinenc, but cannot be separated in 
the pure form from these {Wienhaus and Srhnmm^ Ann. 480, 20). It can be 
obtained pure, however, from the corresponding ketone, verbenone (p. 260), 
by reduction with isopropyl alcohol and aluminium isopropoxido {Blurnann 
and Schmidt, Ann. 453, 48). CrOg reconverts it to verbenone, w'hile KMn 04 
degrades it to pinononic acid (p. 261). When it is converted to the acetate, 
verbenone (see above) occurs as the main product. By hydrolysis of the acetate 
a verbenol is obtained which can be re-oxidised to the original verbenone, 
but which has difiFcirent physical properties from the above. Under the in¬ 
fluence of the acetylating agent a mixture of the two possible stereoisomers 
is apparently formed. 

Verbanol, dihydro-verhenol, CiqHigO, m.p. 68®, b.p. 218®, is formed from 
verbenone by reduction with sodium m moist ether. Its acetate smells like 
bornyl acetate. Acid phthalate m p. 127®. Decomposition of its methyl 
xanthate gives <5-pinene (see above) {Wienhaus and Schumm, Ann. 489, 20). 
With verbanol, as with menthol, four racemates (2 cis-, 2 trans-) and eight 
optically active forms (2 d-cis-, 2 i-cis-, 2 d-trans-, 2 i-trans-) are possible. 
For attempts to prepare stercochemically pure verbanols see Vavon and 
KahnemanUy Bull. 68, (1933) 1167 (also see pinocampheol). 

Pinocarvool^ (II), m.p. (active) 7®, {dl) a liquid, b.p. 208—209®/ 

750mm., 101*5—102®/20 mm., is contained as the ^-form in the oil from Euca¬ 
lyptus globulus {Wallach, Ann. 846, 227), and is produced as the d-form in the 
autoxidation of i,/i-pinene. d?-Pinocarveol is formed by the action of nitrous 
acid on pinylamine (p. 260) {WallacJi, Ann. 346, 221). Phenylurethane m.p. 
(active) 88—90®, {dl) 95—96®. Dilute sulphuric acid converts pinocarveol 
into a bimolecular hydrate (CioHig02)2» m.p. (active) 190—191®, {dl) 176—177®. 
When boiled with sodium, pinocarveol rearranges into pinoeamphone (p. 262) 
{Schmidt, Bcr. 63, 1129). Oxidation with CrOg gives pinocarvone (p. 261), 
and heating with potassium bisulphate or dilute sulphuric acid gives p-cymene. 
With ozone the semi-aldehyde of pinic acid is obtained {semicarhazone m.p. 
174—176®), which can be oxidised further to pinic acid. 

Myrtenol, (HI), b.p. 223®, d*® 0*9763, [a]D -f 45® 45', in the form 

of its acetate is the characteristic constituent of myrtle oil {Penfold, Ramage 
and Simonsen, Proc. Roy. Soc. N. S. W. 68 (1934) 36); acid phthalate m.p. 
114—116®. Myrtenyl chloride, CigHigCl, obtained by the action of PClg, gives 
d, a-pinene on reduction with Na and alcohol. Oxidation with chromic 
acid gives the corresponding aldehyde, myrtenal CxoHi4^ (P- 260), whilst 
catalytic hydrogenation with Pt gives dibydromyrtenol. myrtanol CioHioO, 
b.p. 108—110®/10 mm., dj*^ 0-9801, n5;^ 1*4918 (d-form); p-nitrobenzoate m.p. 
90*5—91*5® {P. Lipp, private communication). For two isomeric forms, see 
Dupont and Zacharemez, C. r. 199, 366. Myrtenol can be degraded to d-pinic 
acid with permanganate {Senvmier and Bartelt, Ber. 40, 1363). Myrtenyl 
derivatives: cf.. Rupe and HAritier, Ann. 459, 171. Myrtenol from a-pinene: 
Zacharevicz, Bull. Pm 8 (1936), 143. 

Methylnopinol^ pinene hydrate CjoHigO (IV, above), m.p. 69®, b.p. 206®, 
smells like camphor and is formed from nopinone and MeMgl, and as its acid 
sulphuric ester from ^-pinene {Austerweil, Bull. 89 (1926), 690). Dilute 
sulphuric acid converts it into optically active a-terpineol {Wallach, Ann. 
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360 , 88 ) and terpin hydrate, and with hydrogen halides in acetic acid it gives 
the dipentene di-hydrohalides. PClg gives a very unstable chloride, b.p. 
97--106®/13 mm., which may be identical or stereoisomeric with “true pinene 
hydrochloride” {Wallach, Ann. 866 , 239). For the isomeric methylnopinol 
from pinane and KMn 04 see p. 267 and Lipp, Ber. 66 , 2099. For ethyl- 
and propyl-nopinol see Wallach, Ann. 360, 91. 

Pinocampheol, CioHiaO (V, p. 268), occurs as its l-iovm in oil of hyssop 
from the Crimea, and is obtained by reduction of pinocamphone (p. 262), 
into which it can be reconverted by oxidation (Eutovski and Vinogradova, 
C. 1927II 1761), and by the catalytic reduction of pinocarveol. Like vcrbanol 
it can occur in four racemic and eight optically active forms. Two I- and 
two d-forms, and their respective racemates, are known. The cis-form is 
obtained by the catalytic reduction of pinocarveol; b.p. 219®/760 mm., m.p. 
(active) 67°, {dl) 42°, d}f 0*973, [a]D approx, i 36° (20 Vo alcoholic solution), 
phenylurethane liquid, acid phthalate m.p. (active) 126°; and the trans-form 
by reduction of pinocamphone with sodium and alcohol, b.p. 217°/760 mm., 
m.p. (active) 67°, {dl) 36°; d}| 0*968, [a]D it 56° (20% alcoholic solution), 
phenylurethane m.p. (active) 77°, {dl) 99°, acid phthalate m.p. (active) 107°, 
{dl) 113° {Schmidt and Schulz, Sch. & Co. Report 1934, 91). The methyl 
xanthate of Z-trans-pino- campheol, m.p 61°, gives on heating a mixture of 
a- and 6 -pinene {Euzicka and Pontatti, Helv. 7, 489). 

B. Polyhydric Alcohols. — a and/9-Pinene glycols: see under the oxid¬ 
ation products of a- and /?-pinene. The other alcohols described here do 
not contain the carbon skeleton of pinene, but are derivatives of 
p-menthane; they are included here on account of their close genetic 
relationships to pinene. 

Pinol hydrate, sohrerol, A^-p-menthene-6:8-diol, CjoHie(OH) 2 , is known in 
three forms, d- and Z-Pinol hydrates, m.p. 160°, [a]D dz 160°, can be obtained 
from d- and Z-a-pinenes by atmospheric oxidation in sunlight, and by oxi¬ 
dation with mercuric acetate. Since a-pinene is usually not optically pure, 
dl-pinol hydrate, m.p. 131° (p. 262) is also obtained, and can easily be isolated 
because of its low solubility. This compound is also obtained by treating 
pinol with hydrobromic acid and alkali, and by mixing equimolecular quan¬ 
tities of d- and Z-pinol hydrate. Pinol hydrate is formed from a-pinene by 
rupture of the bridge with the addition of two OH-groups. It still containa 
the double bond of a-pinene and therefore gives a dibromide, m.p. {dl) 131°, 
and with permanganate gives a tetrahydric alcohol, p-menthane-l:2:6:8-tetrol, 
the so-called sobrerythritol, CjoHia(OH) 4 , m.p. 156° {Oinzberg, Ber. 29, 1196; 
Wallach, Ann. 291, 361). An isomeric sobrerythritol, m.p. 194°, is obtained 
from the product of the action of HOCl upon a-pinene (p. 252) {Wagner 
and Slavinski, Ber. 32, 2069). The catalytic reduction of pinol hydrate 
leads to menthane- 2 : 8 -diol (p. 221 ). 

Pinol, dl-sobrerone, the anhydride of A^-p-menthene-Q'. 8-diol ^10^16 
b.p. 183°, d^o 0*963, nn 1*46949, optically inactive, is formed from the three 
pinol hydrates by the action of dilute sulphuric acid, and from the dibromide 
ot a-terpincol (p. 223) by loss of 2 HBr. For an optically active form see 
Wagner and Slavinski, Ber. 32, 2070. Like cineole (p. 220), it is indifferent 
towards hydroxylamine, phenylhydrazine and acid chlorides. These facts, 
as well as its formation from a-terpineol dibromide, are explained by the 
following formula: 

/CHB1--CH2V CH,\ y 

CH 3 . CBrC >CH. C(OH)(CH,) 8 ->OH 8 CC >CH * C(CH 8 )a. 

—CH*/ ^CH—CHj/ 

a-Terpineol dibromide Pinol 

Pinol hydrate is the hydrate corresponding to this oxide; it is an hydroxy- 
terpineol formed from pinene by rupture of the four-membered ring. 

17 * 
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PInol dibromlde, CioHieBraO, m.p. 940, b.p. 1430/11 mm., is converted 
into pinol by sodium or alcoholic potash. With hydrogen bromide the oxygen 
bridge is broken giving pinol trIbromide, l:2:8-trihrom---p-menthanol’6, 
GioHi7Br30, m.p. IGQo, which by loss of HBr in another direction gives an 
isomeric IsopLaol dibromlde, m.p. 94®; this, like pinol tribromide, gives dU 
carvone with potash, and on reduction changes its 6-ring to a 6-ring giving 
a mixture of 3-isopropenyl-l-acetylcyclopentanc and 3-isopropylidene-l- 
acetylcyclopentane (“piwoZowc”) CiqHi^O {Wallach, Ann. 884, 193). Formic 
acid reduces pinol dibromide to cymene {Wallach^ Ann. 268, 226). Pinol 
isonltrosochlorlde^ CioHigO-NOCl, m.p. ISl® {Wallach, Ann. 806, 280) gives 
nitrolamines with bases. 

Cis-Plnol glycol, CioHieO(OH)2, m.p. (dZ) 126®, is obtained from pinol 
dibromide with silver oxide or lead hydroxide, and also from the correspond¬ 
ing diacetate, m.p. 97® {Wallach, Ann. 268, 223). It is also formed from 
pinol oxide, CioHigOj, b.p. 207®, with dilute acids. I^his latter is obtained 
from the pinene dicWorhydrins and alkali, and is the di-anhydride of sobr- 
erythritol (above). trans-Pinol glycol is formed by the oxidation of pinol 
with permanganate: dictcetate m.p. 37—38® (Wallach, Ber. 28, 2710; Slavinski, 
C. 1898 II 643). Pinol chlorhydrins, CioHieOCl(OH), m.p. 131®, are obtained 
from the pinene dichlorhydrins, the d- from Z-pinene, and the Z- from cZ-pinene 
(Wagner and Slavinski, Ber. 82, 2070). 

3. Bases. — Pinylamlne CjoHigNHj, b.p. 207®, d 0*943, is formed by 
reduction of nitrosopinene (p. 267) (Wallach, Ann. 268, 197). By the action 
of nitrous acid it is converted into pinocarveol (p. 268). For o-aminopinene 
and m-aminopinane see p. 266. 

Bihydropinylamino, pinocamp^yZamtne b.p. 199®, from nitroso¬ 

pinene by reduction with sodium and amyl alcohol (Tilden and Shepheard, 
J. 89, 1560). For pinocamphylamine from pmocamphone oxime and its 
conversion into a mixture of a- and d-pinenes see Ruzicka and Pontalti, 
Helv. 7, 489. 

Yerbanylamine, CioHi^NHg, b.p. 211®/760 mm., from verbanone oxime by 
reduction. Oxalate m.p. 131® (Wienhaus and Schwmm, Ann. 489, 38). 

4, Aldehydes. — Myrtenal C10H14O, b.p. 92®/12.6 mm., d^ 0*9898, [a]D 
-f- 16*68® (Rupe, Ann. 469, 189), occurs in the tZ-form with perillyl aldehyde 
(p. 229) in “false camphor oil” (from Hernandia peltata), and is formed from 
myrtenol with chromic acid. Myrtenal has a fresh smell reminiscent of 
cinnamic aldehyde: semicarhazone m.p. 230®, oxime m.p. 71—72®. From 
the oxime, via the nitrile, myrtenic acid C10H14O2, m.p. 64®, is obtained 
(Semnder and Zaar, Ber. 44, 816; see also Dupont, Zacharevicz and Dulou, 
C. r. 198, 1699). 

DlhydromyTtenal, CioH„0, from dihydromyrtenol and chromic acid; 
semicarhazone (active) m. p. 176®. The oxime, b.p. 93—96®/0*4 mm., gives 
aminopinane on reduction with Na and alcohol (p. 266); hydrochloride m.p. 
271® (P. Lipp, private communication). 

6. Ketones.—Verbenone, CjoHi^O (formula p. 260) m.p. 6*6®, b.p. 233-234®/ 
740 mm., d^* 0*9796, [a]D + 249®, is obtained with verbenol by the autoxidation 
of oil of turpentine, by the catalytic oxidation of a-pinene with colloidal 
osmium (Wienhaus and Schumm, Ann. 489, 20; Suzuki, C. 1936II 526), and 
by oxidation of a-pinene with CrOj (Treibs and Schmidt, Ber. 61, 459) or SeOg 
(Schtuenk and Borgwardt, Ber. 66, 1601; but cf. Dupont, Zacharevicz and 
Dulou, C. r. 198, 1699); the cZ-form is obtained from Greek, and the Z-form 
from French turpentine oils, i.e. the ketone has the same sign of rotation 
as the starting material. Verbenone, mixed with verbenol and other terpene 
alcohols (Blumann and Schulz, Ann. 478, 303), occurs in frankincense or 
olibanum oil from BosxvelUa Carterii, It also occurs in Spanish verbena oil, 
from which its name is derived. Semicarhazone m.p. 208—209® (dl, 180—181®), 
oxime m.p. 119-120®. Boiling with 26% sulphuric acid decomposes ver- 
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benone into acetone and J^-methyl-cyclohexene-3-one (cf. decomposition of 
pulegone, p. 236), which is oxidised to y-acetylbutyric acid. The degradation 
of verbenone with permanganate and with ozone leads to pinononlc acid, 
0.H 14 O 3 , m.p. 131—132°, semicarhazone m.p. 204—206° (cf. Fromm and Klein, 
Ann. 426, 208), which has been synthesized from norpinic acid {Ouha and 
Oanapathi, Bor. 09, 1186). Autoxidation of verbenone (Treibs, Ber. 60, 1491), 
and the rearrangement of verbenone oxide leads to the semi-enolised diketone 
of the pinane series, hydroxyverbenone, CioHi40a, m.p. 121°, semicarhazone 
m.p. 191° (cf. buchu camphor). With sodium in moist ether, verbenone gives 
verbanol, which is oxidised by chromic acid to 

Yerbanone, dihydroverhenone C 10 H 14 O. This compound is also obtained 
by the catalytic reduction of verbenone with Pd and hydrogen: b.p. 222°, 
di° 0*9686, n^ 1*47636; semicarhazone m.p. 220—221°, oxime m.p. 88 ° {Wien- 
haus and Schumm, Ann. 439, 36). The hydrazone, m.p. 27°, gives pinane 
when decomposed with sodium othoxide, and verbanylamine {from the 
oxime by reduction) is converted into d-pinene by exhaustive methylation 
and decomposition of the quaternary ammonium base. Strong mineral acids 
convert verbanone into o-menthenone, a reaction in which, apparently under 
the influence of the carbonyl group, the bridge is broken at a position usually 
untouched in rearrangements of the pinane system. Isonitrosoverhanone, 
CioHi 40 (NOH), m.p. 139—140°, from verbanone with sodium and amyl 
nitrite, rearranges very easily into the isomeric pinocamphoric acid imide 
(see below), m.p. 96° (cf. the analogous change of isonitrosocamphor into 
camphoric acid imide); this like the isomtroso-body is hydrolysed to the 
mono-amide CioHj^OgN, m.p. 120°, of pinocamphoric acid. 



Verbenone hypothetical 


CH2 


1 CH3.CO.CH3 1 



CH3 


A ^ - 1 -Methylcyclohexene - 
3-one and acetone 



CH 



6H3 

o-Menthenone 
from verbanone 


Carvopinone, C 10 H 14 O, b.p. 96°/12 mm. {Wallach and Engelhrecht, Ann. 
346, 231), is formed by heating nitrosopinene with aqueous oxalic acid. 
With hydroxylamine nitrosopinene is re-formed. Acids isomerise it readily 
to carvone. Its constitution is still unknown {Ruzicka and Trehler, Helv. 
4, 666), as is its relation to the isomeric 

Pinocarvone, C10H14O (I), b.p. 222—223°, 96°/12 ram., the oxidation pro¬ 
duct of pinocarveol (above). Like pinocarveol it is a derivative of p-pinene 
and is formed with pinocarveol in the autoxidation of /?-pinene {Schmidt, Bor. 
03, 1129; cf. also its formation from ^-pinene with SeO^: Dupont, Allard 
and Dulou, Bull. 53 (1933), 699). Semicarhazone m.p. (active) 212—216°, 
{dl) 204°; oxime m.p. (active) 68—69°, {dl) 98°. It is degraded by permanganate 
to pinic acid {Wallach, Ann. 340, 222). 
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Pinocamphone, CioHnO (II), b.p. 212-213®/762 mm., 
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0*9692, occurs as its Z-trans-form in oil of hyssop (from Hyssopus officinalis 
L.). Semicarhazone m.p. 227®; dibrotnopinocamphone^ CioHi 40 Br 2 , m.p. 
93—96®. The dZ-trans-form is obtained in the reduction of nitrosopinene with 
zinc and acetic acid together with pinylamine; semicarhazone m.p. 208®, oxime 
m.p. 89®; dihromopinocamphone m.p. 118—119®. cZ-cis-PInocamphone, b.p. 
212®/760mm., d}f 0*966, from Z-cis-pinocampheol by oxidation; semicarhazone 
m.p. 219®. The oxime^ m.p. 88®, of the dZ-cis-form is formed by the catalytic 
reduction of nitrosopinene {Schmidt and Schulz^ Sch. & Co. Report 1934, 91). 
The pinocamphones obtained from pinocarveol with aluminium isopropoxide 
{Schmidt, Ber. 62, 103) or sodium {id., ih. 63, 1130) are not stereochomically 
pure. dZ-cis-Pinocamphonc can be synthesised from pinonic acid via homo- 
pinocamphoric ester {Buzicka and Trehler, Helv. 4, 666), a series of reactions 
which indirectly involves a partial synthesis of a- and ^-pincne. On 
oxidation with permanganate pinocamphono gives pinonic acid and pino- 
camphoric acid, ^ 10 ^ 16^4 (III), m.p. {dl) 186®, (active) 192®, isomeric with 
camphoric acid, because the 6 -ring is attacked between Cg and C 3 as well 
as between C 3 and C 4 . 

Nopinone (formula p. 266), m.p. ca. 0®, b.p. 209®, d^® 0*981, [a]D + 18*48®, 
is an oxidation product of )3-pinene (p. 266). Benzylidene compound m.p. 
107®; semicarhazone m.p. 188®. With HCl in alcohol the difficultly soluble 
trichloride Ci 8 H 2 «OCl 3 , m.p. 148®, is formed by opening of the bridge and 
condensation of two molecules. Reduction of nopmone gives nopinol, in two 
stereoisomeric forms: m.p. (a) 102®, (/Z) 6—6®. When heated with dilute 
sulphuric acid it undergoes isomeric change to /1*-4-is()propylcyclohexenone 
(p. 116) {Wallach and Blumann, Ann. 366, 227; Komppa and Hasselstrom, 
Ann. Acad. Sci. Fenn. A. 30 (1930), No. 14, 3). Nopinolacetic acid C 9 H 14 
( 0 H)CH 2 C 00 H, m.p. 84®, formed by condensation with bromacetic ester 
and zinc {Wallach, Ann. 363, 7), forms the starting material for the partial 
synthesis of a- and /?-pinene (p. 256) and of fenchene (p. 271). Mcthylnopinono^ 
see Kotz and Lemien, J. pr. 90, 314. Ketonopinone^ CgHijOg, m.p. 104®, from 
pinononic acid: Ouha and Oanapathi, Ber. 69, 1186. 


IV. CAMPHANE GROUP i 

The camphane group contains those compounds which possess a 
cyclohexane ring bridged in the l:4-po8ition by a single carbon 
atom (p. 180); they are found in nature in many essential oils, 
camphor being their most important representative. Since the 
systematic degradation of camphor has shown that a cyclohexane 
ring with a p-methylene bridge is a structure which can exist, 
attempts have been made to obtain substances with the carbon 
skeleton of camphor by starting with p-substituted hexahydro- 

1 The following monographs are useful: Aschan, Naphthenverbindungen, 
Terpene und Campherarten, Leipzig 1929; Comuhert, Le camphre et ses 
d6riv4s, Paris 1933. 
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benzene derivatives, e.g. by distillation of the Ca salt of trans- 
hexahydroterephthalic acid (Zelinsky, Ber. 34, 3801), but without 
much success. The first complete synthesis of camphor involved: 
(1) the synthesis of camphor from camphoric acid, via homo- 
camphoric acid (Bredt ; Haller) \ and (2) the synthesis of camphoric 
acid (Komjypa). A second complete synthesis of camphor was 
through camphene, which has been synthesised from a cyclopentanone 
derivative (Komppa) via camphenic acid (Lipp). Yet another total 
synthesis has been carried out with the aid of the diene method 
(p. 8G): acrolein and cyclopentadiene give norcamphane-2-aldehyde, 
which gives norcamphor; methylation of this gives camphenilone, 
from which camphor can be obtained via camphene (Diels and 
Alder, Ann. 486, 202; see also p. 285). 

n 

CHg—CH—C<^ 

1. Hydrocarbons. — Camphene, ® 2-methylene- 

6 l| 2 a> 

CH2—CH—C==CH2 

3:3’-dimetkyUriorcarnphane, m.p. 50®, b.p. 156-3—156*7®/712 mm., 
d‘^* 0-84224, n'V> 1-45514 (Briihl, Ber. 25, 162; Lipp, Ann. 382, 282; 
Aschan, ih. 398, 302), [a]f,' + 99-5® (W. Hiickel and Nerdel, ih, 528, 
73); cryoscopic constant approx. 270 (Dulou, BuU. Pin 2 (1934), 
210), is the only naturally occurring terpene hydrocarbon which 
is solid at ordinary temperatures, it is known in a d-, an Z- and 
an optically inactive (dl) form, all of which have the same chemical 
properties. Camphene is contained in many essential oils (Stephan, 
J. pr. 143, 123), but always in small quantities, and its presence can 
be shown by converting it into isoborneol. It can be very easily 
prepared artificially from turpentine oils. The pinene hydrochloride 
obtained from these gives camphene on heating with sodium acetate 
and acetic acid at 200®, or by heating with aniline, pyridine, alkali 
phenates, sodium stearate, alkaline earth oxides and hydroxides and 
many other substances which eliminate HCl. Many such methods are 
protected by patents (cf. Schering-Kahlbaurn, French Pat. 716,515 
(1931); Brit.Pat,370,235 (1931); Germ.Pat.573,797(1925); seep. 278), 
because camphene is an important intermediate in the technical pre¬ 
paration of camphor (p. 286). Camphene from strongly active pinene 
hydrochloride is either active or racemic, according to method of HCl- 
removal (Lipp and Stutzinger, Ber. 65, 241). With the aid of suitable 
catalysts, camphene can also be obtained from a-pinene by direct 
rearrangement (p. 252). Isoborneol, on treatment with zinc chloride 
in benzene solution or by boiling with dilute sulphuric acid, is changed 
into camphene, whilst borneol is dehydrated by potassium bisulphate 
to give camphene only at 200®. Camphene hydrate (p. 279) and the 
stereoisomeric methylcamphenilol lose water very readily to give 
camphene. 

Camphene contains one double bond, the semicyclic position of which 
causes an elevation in the molecular refraction (Auwers, Ann. 387, 240; Lipp, 
Gotzen and Reinartz, Ann. 458, 1). The constitution of camphene is shown 
clearly, if not decisively, by the following facts: (1) the addition of diazoace tic 
ester to camphene (Buchner and Weigand, Ber. 46, 769), and the degradation 
of the so-formed 3:3-dimethylnorcamphane-2-spirocyclopropane-carboxylic 
acid (1) to cyclopropane-1:1:2-tricarboxylic acid (II) (p. 33): 
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CHa \/ 

X/ CH-COOH 

CHGOOH 


and ( 2 ) the oxidation with ozone (p. 268), which at least in part gives the 
normal fission products, camphenUone and formaldehyde. The fact that 
there is no endocyclic double bond is shown conclusively by the direct 
comparison of camphene with endocamphene, b.p. 170'6—171'0®/744*6 mm., 
dj®** 0*8967, n^^** 1*48442 {Lipp, Ootzen and Reinhardt, loc. cit.): 

CHa—CH—C(0H3)2 

1 ' I 

CHa CH 

> i II 

CHa—CH—CH 

This has quite different chemical and physical properties. 

From camphene and bromine in acetic acid solution co, 2-dibTomcamphane, 
CioHieBra (I), m.p. 91®, is obtained, {Lipp and Lausherg, Ann. 430, 279), 
together with liquid o-bromcamphenc, CioHjgBi (11), b.p. 226—228® (Lipp, 
J. pr. 106, 67), which is also formed by heating a>, 2-dibromcamphane with 
dimethylaniline, HBr being eliminated, and which regenerates co, 2-dibrom¬ 
camphane with HBr (for the change from a), 2 -dibromcamphane to co-brom- 
camphor, see p. 287): 
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That o), 2-dibromcamphane belongs to the camphane series is shown by the 
formation of oi-bromcamphoric acid when it is oxidised with nitric acid 
{Lipp and Lausberg, loc. cit.; cf. Semmler, Ber. 33, 3427). w-Bromcamphene 
gives with molten potash dicamphenyl ether b.p. 182®/9*6 mm.: (C 9 Hi 4 ):CHBr 
(C 9 H 14 ): CHOK + BrCH : (CaHi 4 ) - 9 ^ (CaHi 4 ): CH * O * CH:(CaHi 4 ) + KBr. 
a)-Bromcamphene gives a Grignard compound, from which dehydrodioam- 
phene, (C 9 Hi 4 ):CH*CH:(CaHi 4 ) and numerous co-substituted derivatives of 
camphene can be obtained {Langlois, Ann. chim. (9) 12, 364); see also 
cu-acetyl- and <u-benzoyl-camphene {Lipp and Qvaedvlieg, Ber. 62, 2311). 

co-Nitrocamphene, C 8 Hi 4 > C:CHNOa m.p. {dl) 66 ®, (active) 86®, b.p. 
147®/12 mm., is amongst the products volatile with steam which are obtained 
by oxidising camphene with dilute nitric acid; it is also formed by the action 
of NgOj on camphene, as a result of the loss of nitrous acid from the very 
unstable pseudonitrosite initially formed {Lipp, Ann. 399, 241; 402, 346). 
Treatment of oi-nitrocamphene with alcoholic potash gives camphenUone 
(p. 268) and potassium nitroacetate; alcoholic ammonia decomposes it into 
camphenUone and nitromethane. Reducing agents may give according to 
their nature and the conditions of reaction: camphenUan-aldehyde and 
ammonia, camphenUan-aldoxime or o>-amino-isocamphane, together with a 
little di-isocamphylidene amine {Lipp, Dessauer and Wolf, Ann. 525, 279). 
If fuming nitric acid reacts in the cold with «-nitrocamphene, rearrangement 
takes place with the formation of ketopinic acid (p. 297); cold concentrated 
sulphuric acid also causes a rearrangement, giving the cyclic sulphuric 
ester of 2 -hydroxy-apocamphane-hydro3camlo acid (I), m.p. 127®, which can 
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be hydrolysed easily to the free acid (II), m.p. 163—164®. The potassium 
salt of this acid is characteristic, and is used for its purification. With nitrous 
acid, the hydroxamic acid loses its nitrogen as nitrous oxide to give 2-hydroxy- 
apocamphane-carboxylic acid (III), m.p. 240—242®, whilst in warm sulphuric 
acid solution tricyclenic acid (IV), m.p. 160—160*6®, is formed. 


H^C-KCH 

CtCH-NOg 

co-Nitrocampheno 

(III) 

—>- H,C 




(I) C.H.i 

1 

(HO)N:C O. SO, 
(IV) 

.CH(OH) 

COOH 


(U) 


ChHh 

H,a I .CH(OH) 




(HO)N:C(OH) 


aCOOH 


The action of hydrogen bromide on a>-nitrocamphene is analogous to that 
described for sulphuric acid; it gives 2-brom-apocamphane-hydroximic 
acid bromide (I), m.p. 132—133®, which on reduction with zinc dust and 
acetic acid gives the nitrile of apocamphane-carboxylic acid (II), m.p. 171-172®; 
from this apocamphane-carboxylic acid (III), m.p. 221-222®, is obtained by 
hydrolysis: 


(I) O.H„ 

HjC'^^CHBr 

(HO)N:iBr 



(III) C.H„ 


ioOH 


1-Nitrocamphene, CioHis OjN, HjC—l-yC NOg, (Lipp and Lausberg, loc. 


C:CH, 

cit.), m.p. 66®, is obtained by HBr-elimination with AgNOg from 2-brom-2- 
nitrocamphane, the reaction product of hypobromous acid and camphoroxime 
{Lipp, Ann. 899, 244). The reduction of 1-nitrocamphenc with zinc dust 
and acetic acid leads to 1-aminocamphene, m.p. 46®, b.p. 191—192®, which 
with nitrous acid gives l-hydroxycamphene, m.p. 74®, b.p. 212®: methyl ether 
b.p. 193—194®. It should be noticed that 1-hydroxycamphene readily 
rearranges into camphor under the influence of acids. 

6-Nitrocamphene, CioHuOjN, OgNHC^^^CH, b.p. 119-119*6® (ATamefHn 

CiCHg 

and Zabrodin, Ann. 441, 181), is formed by heating tricyclene with dilute 
nitric acid in a sealed tube at 126—130®; being a secondary nitro-compound 
it is soluble in alkali. Psevdonitrol CioHi 4 NjOg, m.p. 99® (decomp). B-Amlno- 
camphene is formed by the reduction of 6-nitrocamphene with stannous 
chloride, together with camphononc, 6-ketocamphene, m.p. 78® {Nametkin and 
Zabrodin, Ber. 69, 368). The quaternary ammonium base of 6-aminocamphene 
gives on distillation isocamphodiene^ camphenene-b, {Nametkin and Zabrodin, 
Ber. 61, 1491). 

1-Chlorcamphene (I), m.p. ca. 20®, b.p. 193—197®, is formed by loss of 
HCl from 2:2-dichlorcamphane (p. 274), the product of the action of 


^ The residue CgHn is 


HgC — OH—CHg 
I OH,-C-OH, 1 . 
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POls upon camphor {Meerwein and Wortmann, Ann. 436, 190; Houben and 
Pfankuchf Ann. 489, 204). It rearranges in the presence of catalysts, 
e.g. SbCls, to 4-clilorcamphene (II), m.p. 123—129° (contains chlor-tricyclene) 
in which a methyl group is exchanged for an OH group in the intermediate 
compound without any change in the ring system: 


CHa—CH—C(CH3)a 


I 

OH, 


OH, 


(^1 


!I—C:CH, 
(I) 


—C(CH3)j —c< 


I/OH 

—C< —C(CH,), 


/CH, 

<oh" 




CH, 


CH,—CH—C:CH, 

i 

CH, 

I 

CH,—CCl—CKCH,), 

(II) 


With acetic and sulphuric acids 4-chlorcamphene forms 4-chlorisobomyl 
acetate (p. 300), a reaction analogous to the formation of isobomyl acetate 
from camphene (p. 279). 

By heating camphene with trihydroxymethylene, a>-methylol-camphene (I) 
is obtained, which can be oxidised with CrOj to camphenylidene-acetaldehyde 
(II), b.p. 130°/12 mm. co-Methylcamphene (III), b.p. 178°, is obtained from 
the latter by reduction with amalgamated Zn and HCl(Clemmensen’s method). 
Energetic oxidation of m-methylol-camphene with CrOj leads to camphenyli- 
dene-acetic acid (IV), m.p. 124—125°, b.p. 181°/19 mm. The carboxyl group 
stabilises the camphene nucleus, and prevents it from rearranging into the 
camphane system. Boiling with formic acid in fact gives the j3-lactone (V) 
{Langloia, Ann. chim. (9) 12, 193, 364; Bull. 41 (192^7), 384): 


(I) c.h/| ■ ' (n)c,H/| 

\C=CH—CH,OH \C=CH—CHO 

(V) C,H,<^ 


C(CH,), 


/■ 


C(CH,), 


/C(CH,), 

(III) C,H,<( I 

\C=CH—CH, 


/C(CH,), 


COOH 


C(CH3)3 

^CHoCO’ 

_I 


l-Methylcamphene, CiiHjg, m.p. 43°, is formed from tertiary methyl- 
fenchol (from magnesium methyl iodide and fenchone) by dehydration which 
takes place without rearrangement of the ring-system. In the Bertram- 
Walbaum reaction it undergoes rearrangement firstly into 4-methylcamphene 
(see below) by migration of a methyl group (cf. the change from 1- to 
4-chlorcamphene, above; if CHj replaces Cl, the formulae show the rearrange¬ 
ment of 1- into 4-methylcamphene), and then into 4-methyli8oborneol 
(Nametkin rearrangement) (p. 267; cf. Lipp and Stutzingery Ber. 65, 243). 
From this, as in the formation of camphene from isoborneol, 4-methyl- 
camphene, m.p. 120°, can be obtained {Bredt-SaveUherg and Buchkremery 
Ber. 64, 600). For 4-phenylcamphene9 CijHgo, see Nametkin, Kitchkin and 
Kursaanov^ J. pr. 124, 144. 

Camphene hydrochloride^ CiqHi^CI, m.p. 126—127° {Meerwein and van Em- 
ater, Ber. 58, 1816), the chloride corresponding to camphene hydrate {Aachan, 
Ann. 410, 223), is formed from camphene with gaseous HCl. Being a tertiary 
chloride, it is distinguished by the great mobility of its chlorine atom, and 
by the ease with which it loses HCl to give camphene again. When camphene 
hydrochloride is kept, the HCl evolved causes a gradual rearrangement 
into isobornyl chloride (p. 274). Between camphene hydrochloride (II) and 
isobomyl chloride (III) on the one hand, and between isobomyl chloride 
and bornyl chloride (IV) on the other hand, equilibria are set up {Meerwein 
and van Emater, Ber. 55, 2500). The same relationship exists between the 
esters of camphene hydrate, isoborneol and borneol {Meerwein, Ann. ^3,16) 
(formulae II, III and IV with OAc instead of Cl): 
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(I) 


CHj—CH—CH, 
CHo.i.CH; 


CH, 


CH 


C:CH. 


CHa—CH—CHjj 


(IV) 


CHa.cj.CHal 

CHa 




H 


C.CH, 


Cl 


5 4 7 

CHa—CH—CH* 

+HC1 1 3| 

**c< 


-HCl 


ICH3. 

k 

CHa 


•CH 


( 11 ) 


CH 


ClC-CHa 
CHa—CH—CHa 


CH, 


!-CH, 


C-CH, 


l/ 


01 


(lU) 


H 


The rearrangement of camphene (I) via (II) into (III), which occurs by 
exchange of the Cl atom on Ca to C®, the five-membered ring (1, 2, 3, 4, 7) 
becoming the six-membered ring (1, 2, 6 , 6 , 4, 7), is closely related to the 
displacement of the atoms which takes place in the rearrangement of tetra- 
methylethylene into pinocalin-alcohol or its chloride (retropinacolinic change). 
The formation of isobornyl and bornyl esters from camphene by the action 
of organic acids occurs in exactly the same way {Semmler and Mayer, Bor. 
44, 2012). If sulphuric acid is added to the reaction mixture, the ester for¬ 
mation is accelerated and leads almost exclusively to isobornyl esters {Ber- 
tram~Walbaum reaction). The formulae given above (with OAc in place of Cl) 
do not however cover all phases of the formation of isobornool from camphene. 
Consideration of the optical activity of the initial and rearranged products 
{Lipp and Stutzinger, loc. cit.), as well as the results with substituted camphenes 
(camphene-carboxylic acid, Bredt, J. pr. 131, 141; 1-chlorcamphene, Houhen 
and Pfankuch, Ann. 507, 37; see also Nametkin and Shawrygin, C. 1936 I 
659), lead to the assumption that in the rearrangement of camphene into 
isobornyl ester under the catalytic influence of mineral acids, one step in 
the series of reactions is the migration of a methyl group, as in the formation 
of santenc from camphenilol (Bredt-Savelsberg and Buchkremer, Ber. 66 , 
1926). 

The Wagner rearrangement with ring-isomerisation (formulae I—III, 
above), combined with migration of a methyl group, as in the change from 
1- to 4-chlorcamphene (p. 266), is known as the Nametkin rearrangement. 
For the addition of SO 3 to camphene, see Lipp and Holl, Ber. 62, 499. 

By the oxidation of camphene with CrOg and dilute sulphuric acid, camphor 
is formed, isoborneol sulphate being formed as an intermediate product 
which immediately decomposes. This process was at one time carried out 
commercially for the preparation of synthetic camphor. 

The reduction of camphene may be carried out catalytically and gives 
isocamphane (p. 274), corresponding to camphene hydrochloride. 

In the oxidation of camphene with KMnO* {Moycho and Zienkovski, 
Ann. 840,17) the initial product is camphene glycol, CioHi 3 (OH)„ m.p. 200°, 
which is dehydrated by dilute sulphuric acid to camphenilanaidehyde, CioH^^O, 
m.p. 70°, b.p. 96°/14 mm. (Semmler, Ber. 42, 962). This aldehyde can also 
be obtained from the chromyl chloride compound of camphene, CioH^^- 
(Cr 02 Cl 2 ) 2 » by decomposition with water {Bredt and Jagelki, Ann. 810, 119; 
cf. Detoeuf, Bull. 81 (1922), 169, 176). For its formation in the animal body 
after feeding with camphene, see Fromm, Hildehrandt and Clemens, C. 1903 
1 694. On oxidation, camphenilanaidehyde gives two stereoisomenc acids 
C 10 H 12 O 2 , camphenilanie acid, m.p. 66 °, and isocamphcnilanic acid, m.p. 118°. 
The latter has been obtained synthetically by hydrogenation of the adduct 
from cyclopentadiene and p, /3-dimethylacrylic acid (O. Komppa and 
O. Komppa, Ber. 69, 2608); Bi-salt, see C. 1936 I 812. The acids 
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can be converted through the corresponding a-bromo-acids, into hydroxy- 
camphenilanic acid, CioHieO,, m.p. 171® {Bredt and Jcigelki, Ann. 310, 131). 
This acid is obtained directly from camphene glycol by oxidation with 
KMn 04 ; on further oxidation it loses OO 2 and gives a ketone, camphenllone, 
C,Hi 40 , m.p. {dd) 39®, (act.) 37-38.6® {P. Lipp, Ann. 382, 297; 399, 260), 
b.p. 81®/12 mm., a lower homologue of fenchone (p. 316), to which it is very 
similar in odour and behaviour. Camphenilone is degraded by the action 
of sodamide to the amide of 3-isopropylcyclopentane-carboxylic acid {Semm- 
Zer, Ber. 39, 2680); this acid can bo degraded further to 3-i8opropylcyclopen- 
tanone {Bouveault and Blanc, C. r. 146, 233), and has been synthesised from 
jS-isopropyladipic acid {Bouveault and Blanc, ib. 147, 1314). 

The ozonide of camphene {Lipp, Obtzen and Beinartz, Ann. 463, 2) is 
decomposed by water or acetic acid to give camphenilone and a product 
of the fission of the camphene ring, the lactone of d-hydroxycamphenilonic 
acid {Harries and PalnUn, Ber. 43, 1432), which can be obtained synthetically 
by the action of magnesium methyl iodide on the anhydride of cyclopentane- 
1 ; 3-dicarboxylic acid (p. 63) (cf. the analogous fission of cyclic ketones 
with permonosulphuric acid, p. 108) {Baeyer and Villiger, Ber. 33, 868 ). 
These various changes are easily understood with the aid of Wagner’s 
camphene formula (p. 263): 



/C(CH,), 

\C(OH).CHjOH 

/CtCH,), /C{ 0 H 3 ). 

-> 1 -> C 3 H /1 

\C(OH)COOH \CO 

Camphene 

Camphene glycol 

a-Hydroxycamphenilanic Camphenilo ne 


1 

Acid 


,C(CH.). 

CA<^0 

/C CH 3 , /C CH, 3 

c.h/i 

\CHCHO \CH.COOH 

1 \CH(CH,), 

1 CH, 

HjC^i^h/Cooh 

Lactone of 

Camphenilan- 

Camphenilanic 

3-Isopropylcyclopentane- 

d-Hydroxy- 

camphenilonic 

Acid 

aldehyde 

Acid 

carboxylic Acid 


Besides these compounds, the oxidation of camphene with KMn 04 , but 
not with ozone, gives large quantities (about 60% of the oxidation 
products) of a dicarboxylic acid isomeric with camphoric acid (p. 304), 
camphenic acid (camphene-camphoric acid), CioHi 404 , m.p. {dl) 136®, (active) 
144® {Aschan, Ann. 376, 336), the constitution of which has been proved by 
the following synthesis {P. Lipp, Ber. 47, 873): 


CHj—CO 

i Zn + 

_ . 

I * (CH,),CBr.COOE 

dH,—dH-COOE 
Cyclopentanone- 
3-carboxylic ester 


CHj—C(OH). C(CH3)2 CH2-C-.C( 

i -H.O 

COOR-^ 


CHj 

I 

CH 2 --CH.COOR 


IlHioOR 

OHj-ilH-COOR 


Hydrolysis 

Reduction 


C(0H8)2 
<!)H, ('jooh. 
CH,—incooH 


Camphenic Acid 


This synthesis is interesting because it gave an indication how 1 -methyl 
cyclopentane-l-carboxylic-3-acetic apid could be synthesized (see synthesis 
of fenchone, p. 316). 



SYNTHESIS OF CAMPHENE 


269 


Synthesis of Camphene. — The synthesis of camphenic acid is 
of especial importance, because the lead salt of this acid on distil¬ 
lation gives camphenilone (Komppa and Hintikhiy Ber. 47, 1551; cf. 
the synthesis of camphor from the Ca or Pb salt of homocamphoric 
acid), and this compound had been converted much earlier into 
tertiary methylcamphenilol (Moycho and Zienkowski, Ann. 340, 61) 
and thus into camphene. The synthesis of camphenic acid, therefore, 
made the complete synthesis of camphenilone and camphene possible 
(cf. the diene synthesis of camphenilone, Diels and Alder, Ann. 
486, 202). 


Camphenic acid is not formed directly from camphene, but through 
a-hydroxycamphenilanic acid (1). This gives firstly, by a retrobenzilic change, 
carbocamphenilonone (II), m. p. 59^, which is oxidised to camphenic acid (III). 
In a similar way, co-bromcamphene (IV) (p. 264) on fusion with potash 
gives, via the hypothetical alcohol (V), the ring-homocamphenilone (VI), 
m.p. 39®, which is oxidised quantitatively to camphenic acid. In this re¬ 
action a ring-enlargement from a 5-ring to a 6-ring takes place, but this is 
different from that described in the camphene rearrangement. From the 
alcohol (VII), m.p. 13—16®, obtained by reduction of ring-homocamphenilone 
(VI), endocamphene (VIII) (p. 264) is formed by dehydration with zinc 
chloride. On the other hand, carbocamphenilonone (II), on warming with 
dilute caustic soda, is transformed back again into a-hydroxycamphonilanic 
acid (I), a reaction in which a ring-contraction similar to the benzilic acid 
rearrangement takes place {Hintikka, Ann. Acad. Sci. Fenn. A. 1919, 6, 
No. 3): 


C(CH3)2 


C(CH3)2 


C 5 H, 


Kj. OH 

5tC.H3/\cO 

CjHg/^COC 

^^COOH 

CO 

COOH 
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(II) 
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C(CH,)3 

C(CH3)3 

<>CH 
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(VIII) 

(VII) 
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C(CH3)3 


:CHBr 

i(IV) 

C(CH3)3 


:CII(OH) 

(V) 


The dry distillation of camphenic acid gives camphenilone-l-carboxylio 
acid, m.p. (active) + IHjO 70®, anhyd. 106—106®, {dl) 134® {Aschan, 
Ann. 410, 240), which, although a .)?-ketonic acid, is very stable, and 
shows as little tendency to lose C 02 ’on heating as the isomeric ketopinic 
acid, m.p. 234® {Bredt, C. 1927 11 2298) (formulae, p. 298). Ketopinic 
acid is the oxidation product of 2-hydroxyapocamphane-carboxylic acid 
(p. 266). 

When camphene is oxidised with dilute nitric acid the tribasic carboxy- 
apocamphoric acid, C 7 Hii(COOH) 8 , m.p. 196® is formed. The course of 
this reaction is best explained by assuming that, as in the oxidation of 
camphene by KMn 04 to camphenic acid, a-hydroxy-camphenilanic acid 
is the intermediate product, which undergoes a rearrangement in the 
acid medium, similar to that of camphene hydrate to isoborneol. The 
2-hydroxyapocamphane-carboxylic acid (p. 265, formula III) thus formed 
is immediately oxidised to the tricarboxylic acid (p. 298). 

For the use of camphene in cryoscopic molecular weight determinations, 
see Pirsch, Ber. 66, 862. 

Under special conditions it is possible to avoid molecular (pinacolinic) 
rearrangements in the dehydration of borneol and the elimination of halogen 
halide from bornyl halides, and thus to obtain 
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CHa—CH - CH 

Bornylene, CHg-C-CHg , m.p. 113P, b.p. 146®, [a]D —23*94® 

6 l| 2 

CHg—C-CH 

“in, 

(c — 8*23 in benzene). An isomeric bornylene with the double 
bond in the 3:4-position does not exist It has been shown in 
general that in the camphane and pinane systems and in similarly 
constituted compounds a carbon-carbon double bond is never formed 
at the junction of the carbon bridge (the “bridge-head’’) (BredVa 
Rule\ Ann. 437, 1). Bornylene is notable for its great volatility 
(Bredty Ann. 366, 52; Bredt and Perkin jun., J. pr. 89, 257). It is 
formed from bornyl iodide with cone, alcoholic potash (Kondakov, 
C. 1910 I 2089); by heating bornyl chloride with potassium amyl- 
oxide in an autoclave at 230—240® a bornylene of m.p. 107—108® is 
obtained which contains 10% of camphene, from which it can be 
purified by treatment with benzoyl peroxide (Meerwein, J. pr. 113, 9). 
By the dry distillation of bornyl methylxanthate (Tchugaev and 
Bvdrick, Ann. 388, 280) bornylene is formed together with camphene 
and tricyclene (Nametkin and Briissov, J. pr. 112, 169). From epi- 
bornyl xanthate, however, bornylene m.p. 113® is obtained free 
from camphene (Bredt and Perkin jun., J. pr. 89,256). Pure bornylene 
was first obtained from bornylene-carboxylic acid (p. 296) by loss 
of CO 2 (Bredt and Hilbing, J. pr. 84, 782). A further method of 
preparation is the decomposition of bornyltrimethylammonium 
hydroxide (Ruzicka, Helv. 3, 748). Bornylene condenses with 
diazoacetic ester to the tricyclic compound (I), the hydrolysis of 
which gives the acid m.p. 137®. Oxidation of this acid 

with ICyin 04 in sulphuric acid solution gives trans-cyclopropane- 
1:2:3-tricarboxylic acid (II) (Buchner and Weigand, Ber. 46, 2108; 
p. 33): 

CH HOOCOH 

(I) CgHu^l^CH-COOCaHj (II) hcH-COOH. 

CH HOOCCH 

Bornylene is oxidised by KMn 04 ' <♦ camphoric acid (p. 304). Nitroaite 
m.p. 163®. With the calculated quantity of chlorine bornylene forms 
2:3-dichlorcamphane CjoHigClg, m.p. 126®, which is also obtained by 
the direct chlorination of bornyl chloride (Gandini, Gazz. 66, 357). 

The lower homologue of bornylene, apobornylene, 09 Hi 4 , m.p. 38**, b.p. 
136—137®/766 mm., in which the m-methyl group is lacking, is formed with 
other hydrocarbons by the action of sodium on camphenilone dichloride, 
and by the decomposition of camphcnilol xanthate (Hintikka and Komppa, 
Ann. 887, 297; Komppa and Rosekier, ib. 429, 176; Komppa and Hassel- 
strbm, ib, 497, 116; Lipp and Daniels, Ber. 69, 686 , 2261). Its ozonide 
O 9 H 14 O 3 , m.p. 66 ® (decomp.), decomposes to give apocamphoric acid. 
Norbomylene, m.p. 62—64®, is formed from norborneol by dehydration 

(Komppa and Beckmann, Ann. 512, 184). 

Santene C 9 H 24 (III)» h*P- 140®, dp 0-8700, has been found in the first 
runnings from East Indian sandalwood oil, in Siberian pine-needle oil and 
in other needle-oils (Aschan, Ber. 40, 4918), and is formed by boiling the 
tricyclic teresantalic acid (1) (p. 333), which also occurs in sandalwood oil 
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in the form of its esters, with dilute sulphuric acid. In this reaction santene 
is formed via 7r-apoisobomeol (II), which undergoes a camphene rearrange¬ 
ment, the semicyclic double bond subsequently migrating into the ring; 
santene undergoes the reverse rearrangement into 7 r-apoisiborneol when 
treated with acetic and sulphuric acids {Semmler and Bartelty Ber. 41, 125, 
866 ; see also Ruzicka and lAehl, Helv. 6 , 267). Santene is also formed from 
camphenilyl chloride (IV, Cl instead of OH) by loss of HCl {Jagelki, Ber. 82, 
1603), and by the dehydration of camphenilol (IV), when a methyl group 
migrates (“santene rearrangement”) {Komppa and Hintikkay Bull. 21, (1917), 
13; cf. Semmler and Bartelty Ber. 41,126; Komppa and Nymariy Ber. 69, 334): 


CHa—CH 
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CHa.C.COOH 
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Ozonisation of santene gives 1:8-diacetylcyclopentane C 6 H 8 (COCH 3 ) 8 , b.p. 
119—124®/10 mm., dioxime m.p. 129® {Semmler and Bartelty Ber. 41, 128; 
cf. p. 194). Treatment ot this ketone with alkaline hypobromite gives trans- 
cyclopentane-l:3-dicarboxylic acid (p. 36) {id. ih. 386). Santene gives an 
addition product with Hg-acetate, CuHigOgHg, m.p. 126—127® {DeusseUy J. 
pr. 114, 111). Santene is characterised by its beautiful blue nitrosochloride 
m.p. 109—110®. Nitrosite m.p, 124—126®, hydrochloride m.p. 80—81®, santene- 
phenylazide m.p. 86® {Alder and Stein, Ann. 486, 213). The complete syn¬ 
thesis of santene has been carried out with the aid of the diene synthesis 
(p. 86): cyclopcntadiene and crotonaldehyde give, after hydrogenation and 
oxidation of the primary adduct, 3-methyl-norcamphor; this is converted 
with MeMgl into y-santenol, m.p. 63—66®, which is dehydrated by KHSO 4 
to santene {Diels and Alder, Ann. 486, 205). 

Dicyclopentadiene CioH^a, formed by the condensation of two cyclo- 
pentadiene molecules (p. 188), is a norbornylene substituted in the 5: 6 -po¬ 
sition by an unsaturated 6 -ring {Alder and Stein, Ann. 604, 228). In the 
diene synthesis cyclopentadiene and its derivatives normally give com¬ 
pounds with the ring-system of norbornylene (pp. 22 , 86 , 181) (see also 
Dilthey, Schommer and Trosken, Ber. 66 , 1627). 


The name “fenchenes” has been given to a series of hydrocarbons 
of the composition CioHjg, which have not definitely been found in 
nature. They have the gem-dimethyl group sometimes in the bridge, 
sometimes in the six-ring, and have either a semicyclic or endocyclic 
double bond; their name comes from the fact that they are ob¬ 
tained from fenchyl and isofenchyl derivatives (Komppa and Beck¬ 
mann, Ann. 609, 51). 

a-Fenchene (II) (D, h and L, d-fenchene^, isopinene, P-pinolene), b.p. 
166—166®, dj’ 0'8670, [a]D — 32«12®, is formed by the action of nitrous acid 


^ The capitals D and L indicate, according to Wallach*s suggestion, the 
directions of rotation of the d- and l-fenchones used for the preparation 
(see also Komppa and Roschier, 0. 1917 1 407). 
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on fenchylamine (Walldchf Ann. 862, 192), and by the decomposition of 
methyl fenohyl xanthate, b.p. 162®/18 mm. In the latter method, oyolo- 
fenchene is also formed, but this gives the same HCl-addition product as 
a-fenohene, and this hydrochloride on boiling with o-toluidine gives a-fenchene 
(Qvist^ Ann. 417, 278; Nametkin, J. pr. 106, 26). Some a-fenchene is obtained 
in the dehydration of fenchyl alcohol (I) with KHSO 4 , in a way similar 
to the formation of camphene from isoborneol; / 5 -fenchene (III) is the 
chief product, and other fenchenes are also formed: 
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(IVa): Cl instead of (OH); (IVb): O^COCHa instead of (OH) 


a-Fenchene hydrochloride, m.p. (dl) 36—37®, b.p. 81®/12 mm.; cc-fenchene 
dibromide, m.p. (active) 88 ®, (dl) 62® {Wallach, Ann. 862, 182). The oxidation 
of a-fenohene with KMn 04 gives hydroxy^oL-fenchenic acid, m.p. 165® {Qvist, 
Ann. 417, 303), and then ciQ-apocamphoric acid, m.p. 206®. The degradation 
of a-fenchene with ’ ozone leads to ct-fenchenylanic acid {apocamphane-2‘ 
carboxylic acid), m.p. (active) 72®, {dl) 106® {Komppa and Roschier, Ann. 470, 
140), and oL-fenchocamphorone {apocamphor), m.p. (active and dl) 110® 
{Komppa and Hintikka, Ber. 47, 936). From the latter and CHjMgl, tertiary 
methyl-a-fenchocamphorol is obtained, and on dehydration this is converted 
back to a-fenchene {Komppa and Beckmann, Ann. 508, 206; cf. the corre¬ 
sponding reactions with camphene). With acetic and sulphuric acids iso- 
fenchyl acetate (IVb) is formed. The complete synthesis of di-a-fenchene 
has been carried out from apocamphoric acid {Komppa, Ann. 868 , 126), 
via dZ-a-fenchocamphorone {id., Ber. 44, 1536; Komppa and Roschier, 
C. 1917 I 761; Komppa and Beckmann, Ann. 608, 206). 

/9-Fenchene (III) (D, d- and L, l-fenchene, isofenchene), b.p. 160*6—163*6®, 
d}® 0*8699, is formed by the decomposition of isofenchyl chloride (IVa) 
with o-toluidine {Qvist, Ann. 417, 314), by the decomposition of isofenchyl 
methyl xanthate (isofenchylene is also formed, see below), and by heating 
fenchyl alcohol (I) with KHSO 4 , together with y-, d- and cyclofenchene 
(Komppa and Roschier, Ann. 470,143). Oxidation of ^-fenchene with KMn 04 * 
leads to hydroxy-p-fenchenic acid, m.p. (active) 138®, {dl) 126®, and ozone 
gives p-fenchocamphorone, m.p. (active) 62—63®, {dl) 66 ®, semicarbazone 
m.p. {dl) 196®, (active) 201®. The further oxidation of )S-fenchocamphorone 
with KMn 04 gives cis-apofenchocamphoric acid, m.p. {dl) 144—146®, (trans) 
148®, which has been synthesized {Short, J. 1927, 961; see also p. 320). 
)5-Fenchocamphorone has been used for the synthesis of )5-fenchene by a 
series of reactions similar to those in the case of a-fenchcno {Komppa and 
Roschier, Ann. Acad. Sci. Fenn. A. 1916, 10, No. 3, 3; Komppa and Beck- 
mann, Ann. 508, 130). p-Fenchene dibromide, m.p. (active) 82®, is not 
identical with a-fenchene dibromi^e. Nitrosochloride m.p. 120^. With acetic 
and sulphuric acids isofenchyl acetate (IVb) is formed. 
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y-Fenchene, isopinene (V), b.p. 146—147®, is obtained from fenchyl alcohol 
and KHSO 4 together with other fenchenes (see above). y-Fenchene- 
phenylazide m.p. 177® {Alder and Stein, Ann. 601, 4). Degradation with 
ozone gives a ketonlc aldehyde, C 7 Hi 2 :(CHO)(COCH 3 ), {diaemicarhazone 
m.p. 219®) and the corresponding ketonic acid, C 7 Hi 2 (COOH)(COCH 3 ) {semi- 
carbazone m.p. 221 ®); the latter can be converted by alkaline hypobromite 
into tT&j\B-apofenchocamphoric acid, m.p. 148® {Komppa and Beckmann, 
Ann. 503, 130). Hydration by the Bertram-Walbaum method gives isofenchyl 
acetate (IV b). 

Isofenchylene, d-fenchene (VI), iso-allofenchene, iaofenchene (Komppa), 
fenchylene (Nametkin), b.p. 140®/7G0 mm., d|® 0'8381, is formed by the 
dehydration of fenchyl alcohol (I), and by the decomposition of isofenchyl 
methyl xanthate {Nametkin and Rushenzeva, C. 1923 I 1501). Nitroso- 
chloride, m.p. {dl) 131®, (active) 142®. Oxidation with KMn 04 or with ozone 
gives ciS'isofenchoic acid {cis-fenchocamphoric acid), m.p. {dl) 176®, (active) 
167*6®, anhydride m.p. {dl) 92®, (active) 98® {Qviat, Ann. 417, 319; Nametkin, 
J. pr. 106,26). The lower homologue, apoisofenchene, C 9 H 14 , b.p. 135®/762 mm., 
obtained from /5-fenchocamphoryl chloride by removal of HCl with po¬ 
tassium amyloxide, has a nitroaochloride m.p. 145®, and on oxidation with 
KMn 04 gives cis-apofenchocamphoric acid (sec above) {Komppa and Hassel- 
atrbm, Ann. 407, 116; 602, 281). 

The saturated hydrocarbons of the camphane aeries can be ob¬ 
tained quite normally: 1. by catalytic hydrogenation of the un¬ 
saturated camphane derivatives; 2. by replacement of the halogen 
atom in halogenated camphane derivatives by H; 3. by decompo¬ 
sition of the hydrazones of the ketones of this series with sodium 
ethoxide. 

Norcainphane, C 7 H 12 (formula, p. 246), m.p. 86-87®, has been prepared 
from norbornylaniine. It is exceedingly volatile and has a peculiar odour, 
reminiscent neither of the terpenes nor of the petroleum naphthenes {Komppa 
and Beckmann, Ann. 612, 183). 

Apocamphane, 7:7-dimethylnorcamphane C^Hig, m.p. 86 ®, from a-fencho- 
camphorone (apocamphor), see Komppa and Hasselstrom, Ann. 496, 168; 
in the same way, jr-apocamphor (santenone) gives santenane, 1:7-dimethyl¬ 
norcamphane, C 9 H 14 , m.p. 66—67® {id. ib. 496, 170). 

Camphane, 1:7:7-trimethylnorcamphane {dihydrobornylene, bornylane), 

CH 2 —CH—CH 2 
0 a 3 

CH,CCH 3 

CH2— i - CH2 
6 11 2 

CH3 

CioHig, m.p. 157—158®, b.p. 169®, sublimes readily. It is formed by the 
reduction of isobornyl- and bornyl-chloride and -iodide with Na and alcohol, 
from the iodides with zinc dust and HCl in acetic acid, and by decomposing 
the Mg compounds of these halides with water, together with a little hydro- 
dicamphone, (CioHi7)2, m.p. 86 ®. Camphane is formed very easily from 
camphor hydrazone, m.p. 63—65®, by heating with KOH {Kiahner, C. 1911 
II 363, 1925) or, better, with sodium ethoxide ( Wolff, Ann. 894, 86 ). As it 
has a symmetrical structure, it is always inactive, no matter whether it is 
formed from active or inactive material {Hesse, Ber. 89, 1127)^. When 
heated for 30 hours in a sealed tube at 146—160® with nitric acid (1*076), 
camphane gives two stereoisomeric 2 -nitro-compounds: oL-nitrocamphane, 
m.p. 128—130®, and a'-, m.p. 146—147®, which are similar in appearance and 

^ J. Bredt, tlber die raumlicho Konfiguration des Camphers und einiger 
seiner wichtigsten Derivate, p. 117; Leipzig 1905. 

Eichter-Anschtttz ii. 
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odour to camphor; both give dZ-camphor on oxidation with KMn 04 at 0® 
{NametHn, C. 1916 I 884). The oxidation of camphane with CrOg in acetic 
acid gives epicamphor {Bredt and Pinten, J. pr. 115, 48). 

Bornyl chloride (previously known as pinene hydrochloride^ Meerwein and 
van Emster, Ber. 56, 2601, note 1) (formula IV, p. 267) CioHj^Cl, ra.p. 131®, 
b.p. 208®, is formed by leading dry HCl into well-cooled pinene, the “true 
pinene hydrochloride” first formed undergoing rearrangement. It forms a 
white crystalline mass, which smells of camphor and was once known as 
“artificial camphor”. Bomyl chloride has a rotation in the same direction 
as the original pinene; values from -f 45® to — 34® have been observed. 
dZ-Bornyl chloride is obtained from almost inactive American turpentine 
oil. The constitution of bornyl chloride is shown by the reactions of its 
Mg-compound CjoHi^MgCl, obtained by the action of Mg in ether; decompo¬ 
sition of this with water gives camphane (p. 273), and the action of oxygen 
gives chiefly borneol {Hesse, Ber. 39, 1127). Bornyl chloride is quite stable 
to aqueous alkali, but with energetic reagents such as CaO, alkali phenoxides, 
and aniline it loses HCl and rearranges to camphene (p. 263). Bomyl bromide, 
m.p. 94®, is obtained from pinene and hydrobromic acid {Wallach, Ann. 
230, 7). Bornyl Iodide, m.p. (active) —3®, b.p. 99—100®/6 mm., is formed 
from pinene and hydriodic acid {Wagner and Brickner, Ber. 32, 2310), or 
from bomyl chloride and Mglj {Aschan, Ber. 45, 2396). Under certain con¬ 
ditions hydrogen halide can be split out of the bornyl halides without re¬ 
arrangement to camphene, giving a /l®'®-compound, bomylene (p. 270) 
{Meerwein and Jouasen, Ber. 56, 2629). 

Isobomyl chloride, CioHj^Cl (formula III, p. 267), m.p. 161-5® {Meerwein 
and van Emster, Ber. 55, 2614, 2627) is formed by the rearrangement of 
camphene hydrochloride. The presence of a gem-dimethyl group in the 
bridge is shown by the formation of camphane when its Mg-compound is 
decomposed with water {Hesse, Ber. 39, 1134). Strong alkali converts iso- 
bornyl chloride into camphene, but dilute alkali gives camphene hydrate 
(p. 279) {Aschan, Ann. 410, 230). For the equilibrium with bornyl chloride 
on the one hand and with camphene hydrochloride on the other, see Meer- 
wein and van Emster, Ber. 55, 2600. 

2:6-Diclilorocamphanc, pinene dichloride CioHigClg, m.p. 173-174®, is 
formed by leading chlorine into dry pinene; it gives tricyclene (cyclone) 
when treated with sodium {Aschan, Ber. 61, 41; cf. Brus, C. r. 180, 1507). 

2:6-l)ibromocamphane, pinene dihromide CjoHieBrg, m.p. 169®, is formed 
by a similar reaction {Aschan, Ber. 61, 42). Treatment with Zn dust and 
alcohol gives tricyclene {Oodlevski and Wagner, C. 1897 I 1066), and with 
sodium and alcohol camphane is formed {Sernmler, Ber. 33, 3424). 

In CD: 2-dlbroinocainpliaiic (formula 1, p. 264) the two Br atoms have 
different reactivities. The Br on Cg can be replaced by OH by treatment 
with AgOH in acetone, giving co-bromoborneol, which can be oxidised to 
ft)-bromocamphor (p. 287) {Qvist, C. 1930 I 2407). 

2:2-Bichlorocaii]phane, camphor dichloride, CioH^eClg, m.p. 146—148®, is 
obtained by treating camphor with PClg; 2:4-dichlorocamphane and other 
isomers are formed at the same time {Meerwein and Wortmann, Ann. 435, 
190; Houhen and Pfanknch, Ann. 489, 204). Concentrated sulphuric acid 
converts these dichlorides with varying ease into carvenone (p. 234) (Bredt, 
Ann. 814, 369). 

Isocamphane, dihydrocamphene, 2i3i3-trimethylnorcamphane, m.p. 63®, 
b.p. 164,6®, is formed by the catalytic hydrogenation of camphene with Pt 
black {Lipp, Ann. 382, 266), or of tricyclene with Ni at 180—200® {Meerwein 
and van Emster, Ber. 53, 1816). The ca-CHg group remains in the endo- 
position (see p. 277) {Alder and Btein, Ann, 525, 203). The nitration of iso¬ 
camphane gives the same products as those obtained from camphene {Lipp, 
Ann, 882, 266). ^ 

li3',3drimethyln<yrcamphane, b.p. 149® {Nametkin, C. 1916 II 
263) is obtained from fenchone h^^drazone m.p. 66—67®, or isofenchone 
hydrazone, m.p. 111-112® {Komppa and Hasselstrom, Ann. 496, 167), by 
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heating with Bodium methoxide, and by the reduction of d,a“fenchene di- 
bromide {Qvist, Ann. 417, 323). It has a rotation in the direction opposite 
to that of the original fenchone or its hydrazone. Nitration gives two nitro¬ 
compounds, fenchone, isofenchone and isofenchocamphoric acid {Nametkin, 
C. 1916 II 264). The lower homologue of fenchane, camphenllane, 3i3-dime~ 
thylnorcamphane CgHig, m.p. 16—16®, b.p. 142«6®/763 mm., is formed by the 
catalytic decomposition of camphenilone hydrazone, m.p. 29—31®, by heating 
it with caustic potash and platinised porous tile {Nametkin and ShiLchrikova, 
C. 1916 I 886 ; Komppa and Hasselstrom, Ann. 490, 169). From its two 
isomeric nitro-compounds ( 6 -nitro- and 2 -nitro-camphenilane), jS-fencho- 
camphorone, camphenilone and cis-apofcnchocamphoric acid have been 
obtained {Nametkin^ Ann. 488, 185). 


Models built up from regular tetrahedra show that in norcamphane 
the carbon atoms 2 and 6 are close enough to be linked together 
without undue strain in the molecule, giving a further ring; the 
formation of this 3-membered ring gives tricyclic compounds: 
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These are saturated towards KMn 04 , but are attacked by hydrogen 
halides giving norcamphane derivatives. They can be obtained by 
removal of halogen from suitable dihalogen-derivatives, by de¬ 
hydration of norcamphane alcohols, and by the decomposition of 
diazo-compounds of the norcamphane series. 


The first compound of this class known was tricyclene {cyclene) ^ 
CioHja (II), m.p. 68 ®, b.p. 153®, which occurs to the extent of 0*4% in crude 
carnphcne from isoborneol, and which remains unattacked after oxidation 
with KMnO^ {Moycho and Zienkowski, Ann. 840, 17). It is identical with 
the tricyclic hydrocarbon obtained from 2:6-dibromocamphane. Tricyclene 
is formed with camphene from 2 -diazocamphane, which is obtained by the 
oxidation of camphor hydrazone and decomposes readily ( Vollmann, 
Diss., Jena 1916; Meerwein and van Emstery Ber. 58,1816; Germ. Pat. 363,933 
(1920); see also Heuhaum and Noyes, Am. 62, 6070). Tricyclene is very 
volatile. Addition of acetic acid leads to isobornyl acetate {Moycho and 
Zienkowski, Ann. 840, 26), and HCl gives camphene hydrochloride {Meer¬ 
wein and van Emster, Ber. 58, 1821). Trlcyclenlc acid (III), C 10 H 14 O 2 , m.p. 
160®, is obtained by the dehydration of hydroxy-camphenilanic acid {Lipp, 
Ann. 402, 344), and its carboxyl group can be changed to methyl, via 
—CH 2 OH, —CHO, and —CHiN^NH,, to give tricyclene {Lipp, Ber. 58, 769; 
Komppa, Ber. 62, 1366) (p. 269); this proves the structure of the latter. 
Teresantalic acid, C 10 H 14 O 2 (pp. 270, 333), m.p. 157®, which occurs in nature, 
has been converted to tricyclene in the same way {Ruzicka and Liebl, 
Helv. 9, 140). 


Apocyciene, ^ 2 ^ 14 , m.p. b.p. ii50-iijy7Y4» mm., is formed 

( 1 ) together with apobornylene, by the dry distillation of camphenUyl methyl 
xanthate {Komppa and Roschier, Ann. 429, 176); (2) from camphenilyl 


^ The name is derived from the word cyclo-camphene, used to describe 
the cyclic isomer of camphene. 
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chloride and diethylaniline {Oratton and Simomen, J. 1985, 1621; see also 
Lipp and Daniels, Ber. 69, 686); (3) from camphenilone hydrazone and HgO 
via the diazo compound (Germ. Pat. 363,933). Hydration gives a mixture of 
alcohols, since the three-membered ring is opened in all three possible 
directions; oxidation of this mixture gives chiefly ^-fenchocamphorone, but 
small quantities of camphenilone and a-fonchocamphorone are also present 
(Nametkin and Alexandrov, Ann. 467, 191; cf. Komppa and Hasselstrbm, 
Ann. 497, 116). For the addition of HCl to apocyclcne, see Komppa and 
Nyman, Ber. 69, 1813. For phenylapocyclene see Bredt-Savelsherg, Ber. 66 , 
664, and for 4-methylcyclene see Nametkin and Brussov, J. pr. 186, 166; 
Nametkin and Zabrodina, Ber. 69, 1789. 

Cyclofenchene, fenchocyclene (IV, p. 276), b.p. 143«6®/774*6 mm. {Qvist, 
Ann. 417, 278; Komppa and Boschier, Ann. 470, 164; Nametkin, J. pr. 106, 26; 
Nametkin and Brussov, J. pr. 112, 169), is obtained in a optically active form 
by the dry distillation of fenchyl methyl xanthate, and is separated from the 
i,a-fenchene also formed by shaking with KMn 04 solution; it is identical 
with p-pinoUne {Aschan, Ann. 387, 34). With bromine, oL-fenchene dihromide 
is formed, m.p. 86—87®. Hydration by the Bertram-Walbaum method 
gives the acetates of isofenchyl and fenchyl alcohols. Cyclofenchene can 
be transformed into a-fenchene via the unstable HCl-addition product, m.p. 
26-29®. 

Bpicyclene, isocyclene, 3-: 5-cyclocamphane (formula II, p. 276), m.p. 
117—118®, b.p. 160—162®, is formed from 3:6-cyclocamphanono hydrazone 
and sodium ethoxide. The optically inactive hydrocarbon is even more 
volatile than camphane {Bredt and Holz, J. pr. 96, 161). For the fission 
of the 3-membered ring with acetic and sulphuric acids, see Nametkin and 
Brussov, C. 1931 I 269. 

2. Alcohols. — The most important alcohols of the norcamphane 
series are the trimethyl-derivatives, CioHigO. Some of these occur 
in nature, either free or as esters (e.g. borneol and fenchyl alcohol). 
Two tertiary alcohols, CiqHioO, prepared in the laboratory, are also 
important: they are camphene hydrate and the stereoisomeric 
methylcamphenilol, which can be converted into borneol and iso- 
borneol by way of camphene (see also p. 263). The higher and lower 
homologues of the secondary and tertiary alcohols, CioH^gO, have 
for the most part been obtained synthetically. 

The secondary alcohols, CioHjgO are closely related to the ketones, 
OioHigO, to be described later, from which they may be obtained 
by reduction. According to the conditions (Na and alcohol, H and 
Pt, etc.), each ketone gives varying quantities of two different 
alcohols, which show very characteristic differences in their re¬ 
activity; their isomerism depends on the position of the OH group 
relative to the methylene bridge and to the whole molecule. This 
is shown for the case of the alcohols related to camphor by the 
following space-formulae: 



Formula I, in which the OH group is directed outwards from the 
bicycHc system, is known as the ea:o-form, according to Bredt, and 
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formula II, in which the OH group is on the inner side, is known 
as the c/tdo-form; this form of isomerism is known as endo-exo- 
isomerism. Bredt has assumed that bomeol is the exo-form, and 
isoborneol the endo-form, because this view seems to give a better 
explanation of the easy transformation of isoborneol into camphene. 
Vavon, on the other hand, has found that the esters of cis-methyl- 
cyclanols are more difficult to hydrolyse than the esters of the trans- 
cyclanols, and by a comparison of the rates of hydrolysis of bornyl 
and isobornyl acetates he concludes that borneol is endo- and isoborneol 
exo-. This deduction of the configuration of the two camphanols 
has not been generally accepted (Lipp, Ber. 68 , 1029; Asahina, 
Ishidate and Sarto, ib, 69, 343). In the case of the norborneols 
an absolute proof of the position of the OH group has been obtained 
(Alder and Stein, Ann. 614, 220; p. 321), but this is of no value for 
the two isomers borneol and isoborneol, for the three methyl groups 
in the 1:7:7-positions have such a great influence on the properties 
of the bicyclic system that it is impossible without further evidence 
to argue from the behaviour of the nor-compounds. Similar 
relationships hold for the pairs: epi-borneol and epi-isobomeol, a- 
and / 5 -fenchyl alcohols, methylcamphenilol and camphene hydrate, 
etc. This endo-exo-isomerism is found also with the amines, chlorides 
and carboxylic acids, in short, whenever a H-atom on carbon atoms 
2, 3, 5 or 6 of the norcamphane ring-system is substituted by a 
univalent residue. 


Borneol (I), Borneo camphory 2-hydroxycampharte, C 10 H 13 O 
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m.p. 208*5®, (dl) 210*3®; b.p. 212®, [ajn ib 37*5®, phenylurethane m.p. 
139®, dinitrobenzoate, ra.p, (active) 155®, (dl) 15^, occurs naturally 
in three forms. d-Borneol is found in Dryobcdanops camphora, a 
a tree growing in Borneo and Sumatra, and in oil of rosemary and other 
oils, while I- and dZ-bomeol are contained in oil of valerian (“valerian 
camphor”) and in the essential oil from Blumea balsamifera, Borneol 
is present in the form of its esters, particularly as its acetate, in 
many pine needle oils. Pure Z-borneol can be obtained by the hydro¬ 
lysis of the Z-bornyl acetate contained in Siberian pine needle oil. 
For the preparation of pure d- and i-borneols from the bornyl esters 
of bornoxyacetic acid see Clark and Bead, J. 1934, 1773; for its 
electric moment see Harms, Z. phys. Chem., (B) 30, 440. 

Borneol is very similar to Japan camphor; it sublimes as readily, 
but is less volatile in steam, crystallises better, and smells not only 
of camphor but also somewhat of pepper. 

Borneol can be prepared artificially in various ways. Reduction 
of d-, Z- and dZ-camphor with sodium in alcohol (Walla^h, Ann. 230, 
225) or in an inert solvent (Beckmann, Germ. Pat. 42,458 (1887)) gives 
borneol and about 20 % of isoborneol; the former rotates in the 
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same direction as the starting material, the latter in the opposite 
direction. In indifferent solvents, more isoborneol is formed than in 
alcohol, together with about 5% of camphor pinacol, C 9 HigC(OH) 
•C(0H)’C9Hie. The action of oxygen on the Mg compound of pinene 
hydrochloride gives a mixture of borneol and isoborneol, the pro- 

? ortion8 depending on the temperature of reaction (Vavon and 
^eigniety C. r. 181, 183). Bomeol is also formed by heating iso¬ 
borneol with Hg under pressure in the presence of catalysts, since it is 
the more stable form and has the smaller energy content (Germ. Pat. 
408,660 (1923)); see also Barbier and Cfrignard, Bull. 5 (1909), 512). 
Borneol is obtained in the form of its esters, together with isoborneol 
and fenchyl alcohol (cf. Semmler, Atherische Ole III, 442), by heating 
a- and /5-pinenes with organic acids such as acetic, oxalic (Kawata 
and Tategaiy C. 193311286; L. DarrassSy E. DarrassCy Dupont and Elddy 
French Pat. 751,275 [1933]), benzoic, salicylic, chlor- and nitrobenzoic, 
picric, tetrahalogenated phthalic, etc. (Germ. Pat. 175,097 (1907); 
208,487; Brit.Pat. 164,357 (1921); Brit.Pat. 158,533 (1920); U.S.A.Pat. 
1,429,342 (1921); Hallery C. r. 178, 1933; DMpiney ib. 178, 2087; id.y 
Bull. 35 (1924), 1463; Brit.Pat. 231,468 (1925); French Pat. 592,213 
(1924); Austerweil and Petroviciy Bull. 39 (1926), 1732; Brit.Pat. 
258,901 (1926); French Pat. 621,954 (1926); Austerweily Bull. 41 
(1927), 1088, 1507; Germ. Pat. 401,870 (1917); Germ. Pat. 406,768 
(1917)). For the conversion of pinene into borneol with phos- 
phoboric acid, see Germ, Pat. 582,043 (1931). These methods of 
preparation of borneol and isoborneol have become important 
partly for the technical preparation of synthetic camphor. Borneol 
is oxidised to camphor by chromic acid without any change in 
the direction of optical rotation. Camphor is obtained in good 
yield by passing the vapour of borneol over CuO at 300®; Cu effects 
this dehydrogenation even at 200® (MasimotOy C. 1926 I 1643; 
Zetzsche and ZaZa, Helv. 9, 288; HarUy C. 1926 II 2658). Borneol 
is fairly stable towards dehydrating agents such as dilute sulphuric 
acid and zinc chloride (Bertram and Walbaumy J. pr. 49, 8): hence 
it can easily be separated from isoborneol, which is changed into 
camphene by this treatment. 

Methyl ether, b.p. 194®; ethyl ether, b.p. 204® (Bruhl, Ber. 24, 3713); the 
acetate, m.p. 29®, b.p. 98®/10 mm., njj 1-46635, [ajn dz 41-56°, is found 
in the Z-form in the oil from Abies sibirica (Golubev, C. 1906 I 96). 
dZ-Bornyl acetate is liquid. The oxidation of bornyl acetate with CrOg gives 
p-keto-bornyl acetate (p. 294), 6 -keto-camphor, 6 -acetoxy-camphor, and 
6 -acetoxy-camphorquinone (Asahina, Ishidate and Tukdrnoto, Ber. 69, 349). 

Bornyl isovalerianate, CiqHi 700 C * 04119 , b.p. 266—260°, occurs in oil of 
valerian; it is used medicinally for nervous complaints under the name of 
“bomyval”. Bornyl salicylate, “salite”, CioHi^OOC * 09114011 , m.p. 44—46®, 
b.p. 171—173®/6 mm., is used in the treatment of neuralgia. Other com¬ 
pounds used medicinally are: bornyl brom-isovalerianate, OiqHi-OOO 
• OHBrOgH^, b.p. 113°/10 mm. (“eubomyl”, “valisan”); the bornyl ester of 
isovalerylglycolic acid (“neobornyval”), OioHi 7000 *OH 2000 * 04 H«, b.p. 
182—183®/12 mm.; and bomyf dibromcinnamate (“adamon”), OioHi 7000 
• OBnOBr* 09115 , m.p. 66 °. d- and Z-Bornyl methyl xanthates give d- and 
Z-bomylenes (Tchugaev, 0. 1906 I 94) and camphene (p. 263) when distilled 
at ordinary pressure. The bornyl halides are identical with the so-called 
pinene hydrohalides (p. 274). 

Isoborneol (formula I, p. 277), CioH„OH, m.p. (active) 214®, 
(<S) 212®, [aju approx. ± 34®, is stereoisomeric with bomeol (lApp, 
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Ann, 480, 298; Komppa and Beckmann, Ann. 622, 137). Its phenyl- 
urethane has the same m.p., 139®, as that of borneol; dinitrohenzoate, 
m.p. (active) 139®, (dl) 131®. For its preparation see under borneol. 
It is also obtained by the catalytic hydrogenation of camphor with 
Pt in acetic acid {Vavon and Peignier, Bull. 39 (1926), 924), and 
by the hydration of camphene by the method of Bertram and Wal- 
haum (J. pr. 49, 1): for the mechanism of this reaction see p. 267. 
As the conversion of camphene into isoborneol is an important step in 
the technical preparation of camphor, many attempts have been made 
to find suitable conditions for this reaction, and many such processes 
have been patented (e.g. Germ. Pat. 573,797 (1925); U.S.A. Pat. 

l, 902,364 (1931)). Isoborneol is more volatile than borneol; oxidation 
with KMn 04 , ozone, etc., converts it to camphor with a reversal of 
the direction of rotation (Hesse, Ber. 39, 1131). When camphene 
is refluxed with formic acid, it is converted into isobornyl formate, 
b.p. 91--93®/!! mm. (Semmler and Mayer, Ber. 44, 2012). Isobornyl 
acetate, b.p. 107®/13 mm., is formed by warming camphene with acetic 
acid and 50% sulphuric acid to 50—60® (Germ. Pat. 67,255; Bouchar- 
dat and Lafont, C. r. 118, 248; cf. also Germ.Pat. 184,635 [1905]). Both 
esters are technically important as intermediates in the preparation 
of camphor from pinene (p. 286). Isoborneol esterifies more slowly 
than borneol, and its esters are hydrolysed more slowly (Vavon and 
Peignier, Bull. 39 (1926), 924). “Gynoval”, used in medicine, is 
isobornyl isovalerianate, CiqHj 700 C*C 4 H 9 , b.p. 132—133®/13 mm. 

An unsaturated isoborneol, bomylenol, 6-hydroxyboriiylene, ^loHisGH, 

m. p. 60—61®, b.p. 103—104°/16 mm., is obtained as its acetate by the action 
of acetic and sulphuric acids upon isocamphodlene, camphenene, a d®-®- 
camphenc, m.p. 41 •5—42®, b.p. 149—150®/763 mm. (Nametkin and Zabrodin, 
Ber. 61, 1492). 

Camphene hydrate (formula II, p. 277), CioHi^OH, m.p. 160®, b.p. 206®, 
phenylurethane m.p. 89®, acetate^ b.p. 103—106®, is obtained by digesting 
camphene hydrochloride with milk of lime (Aschan, Aim. 410, 222). Its 
smell is musty and also reminiscent of menthol, and it is very readily con¬ 
verted into camphene by dilute mineral acids, and sometimes on distillation 
(Aschan, Ber. 41, 1092; Ann. 383, 1). For a camphene hydrate zinc chloride 
complex, CioHi7*(ZnCl20H), see Meerwein, Ann. 466, 227. 

Methylcamphenilol (formula II, p. 277), CjoHj^OH, m.p. 118®, b.p. 206®, 
is obtained by the action of MeMgl on camphenllone (p. 268). It is readily 
dehydrated to camphene by heating with acetic and sulphuric acids (Moycho 
and Zienkovski, Ann. 340, 68). It is stereoisomeric with camphene hydrate. 
Acetate, b.p. 100—102®/! 1 mm. (Aschan, Ann. 410, 223). 

Epibomeob 3~hydroxycamphane (formula III, p. 277), m.p. 

(active) 179®, b.p. 213®, is formed by the reduction of epicamphor (Br^t 
and Perkin, jun., J. pr. 89, 264) or of p-keto-bornyl chloride (Bredt and 
Pinten, ib. 114, 62) with sodium and alcohol (see also Komppa and Nyman, 
Ber. 69, 1817). Phenylurethane m.p. 79®, dinitrobenzoate m.p. 103®. It is 
oxidised back to epicamphor by chromic acid. Epibomyl xanthate gives 
pure bornylene on dry distillation. 

Epi-isobomeob CioH„OH (formula III, p. 277), obtained by catalytic 
reduction of epicamphor with Pt and Hg, has m.p. (active) 196®. Phenyl- 
urethane m.p. 94—98®, dinitrobenzoate m.p. 120®. With alkalis it rearranges 
to epiborneol much more readily than isoborneol to borneol; hence it cannot 
be obtained by reducing epicamphor with Na and alcohol (Lipp and Bund, 
Ber. 68, 249). 

For the primary alcohols of the camphane series, Tr-borneol and m-borneol, 
see p. 292. 
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Fenehyl alcohol (I), fenchol CjqH^OH, can exist in two stereoisomeric forms, 
like the reduction products of camphor; these endo- and exo-forms are 
designated a- and /S-, but it is not known which corresponds to which; the 
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a-form, m.p. (active) 49°, {dl) 38°; b.p. 199-5°/750 mm. (NametJcin^ J. pr. 106, 
26), [a] 543 i—16-04°, is contained in the oil from the resinous pine-wood of Pinus 
palustris. It is prepared by the reduction of fenchone with Na and alcohol; 
this gives small quantities of the stereoisomeric /S-form, m.p. (active) 6 - 6 °, 
(dl) 6-3°; b.p. 200-6°/760 mm.; [a] 543 i— 27-97°. This /?-form is obtained in 
better yield by the hydrogenation of fenchone with a very active Ni catalyst 
(Schmidt and Schulz, Sch. & Co. Report 1936, 93). The separation of the two 
isomers is carried out by means of their hydrogen phthalates and p-nitro- 
benzoatcs. a-Fenchol has a fresh smell, reminiscent of camphor, but 
/5-fenchol smells musty and earthy. Both of the Z-forms correspond to 
d-fenchone, being converted into it by oxidation with CrOg. Derivatives 
of a-fenchol: hydrogen phthalate, m.p. (active) 145—146-6°, (dl) 169°; phenyl- 
urethane, m.p. (active) 82-6°, (dl) 104°; acetate, b.p. 88°/10 mm.; the iso¬ 
valerianate is used for the treatment of nervous diseases, under the name 
“fenchyvar’ or “valyfen”. Derivatives of d-fenchol: hydrogen phthalate, 
m.p. (active) 162°, (dl) 163-°; phenylurethane, m.p. (active) 89—90°, (dZ) 90-6°. 
For the formation of fenehyl alcohol from pinene, see Semrrder, Atherischo 
Ole II, 119; DiUpine, C. r. 179, 176, 986; Aschan, Ann. 387, 30. The de¬ 
hydration of fenehyl alcohol gives a-fenchene, a reaction analogous to the 
formation of camphene from isobomeol, ft-, y-, d- and cyclo-fenchene 
(p. 271), and under special conditions (aluminium phosphate at 190°) 
1 -methylsantene is formed (santene rearrangement) (Toivonen, C. 1936 
II 3802). 

Isofenchyl alcohol, C 10 H 17 OH (formula II, above), m.p. 62°, b.p. 98o/13 mm. 
(Bertram and Helle, J. pr. 61, 303; Nametkin and Rushentzeva, ib. 106, 33; 
Qvist, Ann. 417, 316), is formed from fenchenes and acetic-sulphuric acids, 
in the same manner as isobomeol is formed from camphene (see above); on 
oxidation it gives isofenchone (p. 318), isomeric with fenchone, and cis- 
isofenchoic acid. Isofenchyl acetate, b.p. 97°/12mm.; hydrogen phthalate, 
m.p. (active) 149—160°; phenylurethane, m.p, (active) 106—107°, (dl) 94—96° 
(Aschan, Ann. 387, 44). For fenehyl chlorides from fenehyl and isofenchyl 
alcohols, see also Komppa and Beckmann, Ann. 609, 61. 

CamphenUol, CgHjgOH, m.p. 84°, b.p. 91-6—92°/ll mm., is formed from 
camphenilone (p. 319) by reduction with Na and alcohol (Jagelki, Ber. 32, 
1499; Hintikka and Komppa, Ann. 887, 299): phenylurethane m.p. 99-6°, 
hydrogen phthalate m.p. 149°. Reduction of camphenilone in ethereal solution 
with Na also gives camphenilone pinacol, CgHi 4 C(OH)-C(OH)-OgH 44 , m.p. 
134°. Camphenilol and PCI 5 give camphenilyl chloride, m.p. 50°, which on 
boiling with aniline yields santene (Komppa and Nyman, Ber. 69, 1813); 
this is also obtained by the dehydration of camphenilol with PgOg (Hintikka 
and Komppa, Ann. 387, 302). The distillation of camphenilyl methyl xan- 
thate, however, gives apobomylene and apocyclene (Komppa, Ann. 429, 181). 
For santenol and apobomeol, see the corresponding ketones, santenone and 
apocamphor. 

Thlobomeol, GioHi^SH, m.p« 120°, is formed by the action of sulphur on 
bomyl magnesium chloride, by the reduction of hydropinene-sulphinic acid, 
cam'^ane-sul/phinic acid CioHj^SOgH, m.p. 64°, obtained by the action of 
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SOg upon bornyl magnesium chloride, and from thiocamphor by the action 
of Zn and HCl. Alcoholic iodine oxidises thiobomeol to dibomyl disulpliide^ 
(CioHi^lgSg, m.p. 198®, which is decomposed by distillation at ordinary 
pressures into thiobomeol and thiocamphor (p. 288) {Houben and Doescher^ 
Ber. 89, 3503; Sen, J. Ind. Chem. Soc. 12, 647). 

3. Amines are obtained by reduction of the oximes, and by the action 
of ammonium formate upon the ketones. 

Bornylamine^ 2-aminocamphane CioH^ 7 NH 2 ; its formyl compound is 
prepared by heating camphor with ammonium formate, and the base itself 
is obtained by the reduction of camphoroxime with Na and alcohol. In 
the latter reaction, two stereoisomeric optically active bases are formed: 
bomylamine, m.p. 163°, [a]D + 47*22° {Frankland and Barrow, J. 95, 2017, 
2026), and isobornylamine, m.p. 184®, [a]D — 43*7® {Forster and Hart-Smith, 
J. 77, 1162). Bornylamine has a smell similar to that of both camphor and 
piperidine. Both bases are decomposed by acetic anhydride at 200—210°, 
giving camphene. For the reaction with nitrous acid, see W. Hnckel 
and Nerdel, Ann. 628, 67. Phenyl-isobornyIamine^ CioH„NH • CgHg, b.p. 
173—176®/14 mm., acetyl compound m.p. 123®, from bornyl chloride and 
aniline, also by the addition of aniline to camphor, and by the catalytic 
reduction of camphor-anil {Lipp and Stutzinger, Ber. 65, 241); it is reconverted 
into the latter compound by dehydrogenation {Ritter, Am. 65, 3322). Camphor 
can be prepared synthetically by means of these reactions {Ritter, U.S.A. 
Pat. 1,987,760 [1933]). 

Camphene amine, CioHigNHg, b.p. 161®/200 mm., d^® 0*9399, is obtained 
by loss of HCl from chlorcamphene amine, which can be prepared from 
3-aminoborneol, CioHi<,(OH)(NH 2 ), the reduction product of 3-aminocamphor 
(p. 292) {Duden and Macintyre, Ber. 88 , 481); its constitution is not yet 
known. With nitrous acid it gives an unsaturatod tertiary alcohol, CioHi 5 (OH), 
m.p. 102 ®, the so-called P-isocamphor; this is isomeric with camphor, and 
very similar in its physical properties {Duden and Macintyre, Ann. 818, 69). 

2 :8-Diaminocamphane, CioHie(NH 2 ) 2 , a-form, b.p. 132—136®/12 mm. (not 
sterically pure); )5-form, m.p. 148—149®, is formed by the reduction of 
camphor quinone dioximc (p. 290) or of aminocamphor oxime {Duden, Germ. 
Pat. 160,103 [1903]). Four diastereoisomeric forms are possible {Rupe and 
Bohny, Hclv. 19, 1306). 

Camphenilylamiiie, C 9 H 15 NH 2 , m.p. 91®, b.p. 185®, is obtained by the 
reduction of camphenilone oxime with Na and alcohol {Komppa, Ann. 
866 , 76). 

Fenchylamine, CjoHiyNKg, b.p. 195®, d^* 0*9096, is known in three forms, 
which are obtained from the corresponding fenchones and ammonium for¬ 
mate, and also by the reduction of the fenchone oximes. D-1-Fenchylamine 
[a]D —24*89®, from d-fenchone; with nitrous acid it gives a-fenchene (p. 271) 
and d-limonene {Wallach, Ann. 862, 177). The optical rotation of a scries 
of derivatives has been investigated:/ormyZ-, acetyl-, propionyl- and butyryl- 
fenchylamines have [a]D —36*66®, —46*62®, —63*16®, and —63*11° respectively 
{Wallach and Binz, Ann. 276, 317). 

4. Ketones. — The most important compounds of this group are 
the natural products of the composition CioHigO, camphor and 
fenchone, which are similar in behaviour but differ in constitution; 
camphor plays an important part in industry and medicine. Both 
ketones contain two dissimilar asymmetric carbon atoms, and hence 
according to the laws of stereochemistry each should exist in four 
sterically cbfferent forms which should be two pairs of optical 


^ See footnote p. 271. 
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antimers. Since, however, the trans-forai of the norcamphane ring 
system is sterically impossible owing to the great strain involved 
{Bredt, J. pr. 121, 157), only one pair of optical isomers can exist 
in these cases; hence only one d-, one I- and one dZ-camphor are 
known, and the same is true for fenchone. If a further asymmetric 
carbon atom is present, as for example when the CO group is reduced 
to CHOH, then four optical isomers are possible; on reduction, 
camphor gives d-, I- and di-borneol, and 1-, d- and di-isoborneol, 
and fenchone behaves similarly. If the bicyclic system is opened, 
as in the oxidation of camphor to camphoric acid, then the number 
of isomers known is that predicted by theory, as in other monocyclic 
compounds (see p. 304). 

d-Camphor, Japan camphor (formula, p. 283), CioH^eO, m.p. 
178»5—179®, b.p. 209*l®/759 mm., [a]n -j- 44*22® in alcohol (Beckmann, 
Ann. 260, 352), d-’* 0*992 (Klemm, Tilk and von Miillenheim, C. 
1929 I 488), is contained in numerous essential oils, especially the 
oil from the camphor tree, Ginnamomum camphora, it is obtained 
in large quantities in Japan and Formosa by distillation of the 
comminuted trunks in steam, and by sublimation. It can be pre¬ 
pared technically, chiefly in the dZ-form, from oil of turpentine 
(pinene) by conversion into borneol or isoborneol (pp. 277, 280) 
followed by oxidation. Camphor is also obtained by the oxidation 
of camphene with chromic acid, via the intermediate isoborneol 
which is not isolated. It forms a colourless, transparent, somewhat 
sticky substance, which can be crystallised from cone, alcoholic 
solution, and sublimes readily in shining crystals. For its Raman 
spectrum, see Bonino and Manzoni-Ansidei, C. 1936 I 1845. It has 
many therapeutic applications. 

Various preparations of camphor are used for injection in cases of circu¬ 
latory and respiratory diseases (Weigert, C. 1926 II 790, 1882): Oleum cam- 
phoratum, 10—20% solution of camphor in olive oil; Hinger's camphor solution, 
a solution of camphor in Ringer's solution, 1:577; "'cadechoV', a molecular 
compound of camphor and desoxycholic acid, (C24H4Q04)2*CioHigO (Rohm 
and Nonnenhruch, C. 1920 III 425; Rheinboldt, Konig QiiidL Flume, Z. physiol. 
Chem. 184, 219); ^'camphocoV', a molecular compound of apocholic acid 
and camphor, C24H3804*CioHigO, m.p. 178—180® (Bbdecker, Ber. 53, 1860); 
^^camphorsol", a 3% aqueous colloidal solution of camphor with lecithin 
as a dispersing agent; *^Hochst" solution of camphor, a 10—20% solution 
of dZ-camphor in glycerin diethyl ether (see also C. 1930 I 256); ^'‘camphogen 
Ingelheim", an aqueous solution of 2% camphor, 25% diethyl acetamide 
and 16% Na salicylate. Camphor is used as a disinfectant for external use 
in numerous preparations, e.g. in phenolcamphor, a molecular compound 
of phenol and camphor, CioHijO-C^HgO, solidifying at —18*6®, b.p. 
92®/14 mm. (Bredt, Rochussen and Monheim, Ann. 314, 378); in '^Chlumaky's 
phenolcamphor solution" (Kremann, Wischo and Paul, Mo. 86, 911); in 
pogen", a liquid soap containing 6% of iodine and 6% of camphor; and 
also as a liniment for rheumatism, lameness, etc., in ^^Linimentum saponato- 
camphoratum" (opodeldoc). For camphor tetrazole, m.p. 242—243®, see Knoll 
and Schmidt, Germ. Pat. 606,616 [1933].) 

As d-, Z- and dZ-camphor have been shown to be pharmacologically 
equivalent (Oomes da Coata, C. 1926 II 1300; Joachimoglu and 
Kliaaiunis, C. 1932 I 1393; Joachimoglu, Arch. exp. Pharm. Pathol. 
80, 259, 282), the camphor synth^sis^ commercially has been inclu¬ 
ded in the pharmacopoeias. For the changes undergone by camphor 
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in the animal organism, see hydroxy-camphor, p. 291. The celluloid 
industry uses large quantities of technical camphor; it is also used 
in the preparation of smokeless powder (Du Pont, Chem. Met. Eng. 
26, 65; Schmitt, C. 1923 II 539), and in the manufacture of sulphuryl 
chloride (Durrans, Ch. and Ind. 46 , 347 T; Ishikawa and Hashimoto, 
C. 1936 I 3127). For the use of camphor as a solvent in molecular 
weight determinations, see I, 20 ; cf. the high molecular melting 
point depressions of camphane, bornylene, etc. (Pirsch, Ber. 66 , 
1694). Camphor gives p-cymene when distilled with P 2 O 5 (vol. Ill); 
boiling with iodine yields carvacrol, C 1 QH 14 O (vol. Ill), and heating 
with cone, sulphuric acid to 105—110® gives carvenone (p. 234) and 
1 :3:4-acetyl-xylene. Boiling with nitric acid gives two acids, 
d-camphoric and camphoronic acids, and reduction gives borneol and 
isoborneol (pp. 277, 278). 

Z-Caniphor, Matricaria camphor, is found in the oil of Matricaria 
parthenium, and has numerically the same rotation as d-camphor: [a]D 
— 44 •22°. It is formed in the oxidation of Z-borneol and of d-isoborneol, and 
gives Z-camphoric acid on oxidation. For the change from d- to Z-camphor, 
see pp. 293, 300. 


dZ-Camphor, m.p. 178*6®, is formed by mixing d- and Z-camphor, and 
by the oxidation of dZ-borneol, dZ-isoborneol and dZ-camphene with chromic 
acid (Armstrong and Tilden, Ber. 12, 1766); it can also be obtained by the 
racemisation of ordinary camphor with aluminium chloride (Dehierne, C. r. 
128, 1110). For its technical preparation, see p. 286. 


Constitution of Camphor. — KekuWs formula for camphor (I), proposed 
in 1873, accounted satisfactorily for the conversion camphor into p-cymene 
and carvacrol; but the ease with which camphoric acid forms its anhydride, 
which according to (I) would contain a seven-membered ring, did not agree 
with what was known about the anhydride-formation of aliphatic dicarboxy- 
lic acids. The lack of unsaturation in camphor was also inexplicable on this 
formula. These facts were explained better by the formulae proposed by 
Kanonnikov (II) in 1883, and by Bredt (III) in 1884 (Bredt, Ber. 26, 3047), 
in which the para-carbon atoms of the six-merabered ring were linked together. 
On these formulae, the formation of camphoric anhydride was parallel to 
that of the anhydride of cyclobutane-1,2-dicarboxylic acid (Bredt, Ann. 226, 
261), and offered no difficulty. The CO group was placed in position 2 in 
formula III because camphor can be converted into carvacrol. Baeyer and 
Villiger showed in 1893 that camphoric anhydride probably contained a 
glutaric anhydride ring, since it melts at a higher temperature than the acid 
(Ann. 276, 266). 


CHo.CHCH, 


CH3.CH.CH3 


CH 

C (I) 

CH3 

KekuU 1873 


H.c/| 


H,(; 


\ 


IH, 


C (II) 


c 


NcO HjC/I^CH, 

i 


H,CU/CO 


CH, 

Kanonnikov 1883 


C (III) 

in. 


Bredt 1884 


4 CH 



O) or 10CH3 

Bredt 1893. 


Camphoric acid (I, below) is not the only oxidation product of camphor; 
further oxidation gives camphanic acid (II) and camphoronic acid (HI) 
(Bredt, Ann. 292, 66). Camphoronic acid (p. 314) was shown by Bredt 



284 


CAMPHANE DERIVATIVES 


to be aa^-trimethyl4ricarballylic acid (Ber. 26, 3049), since on heating it 
decomposed to give trimethyl-succinic anhydride, isobutyric acid, carbon 
dioxide, water and carbon, while its further oxidation product, camphoranio 
acid (IV), the lactone of hydroxy-camphoronic acid, gave trimethyl-succinio 
acid (V) and oxalic acid smoothly on fusion with potash {BredU Ann. 299, 
140). Trimethyl-succinic acid has also been found amongst the oxidation 
products of camphor {Bredt, Ber. 27, 2094). Camphor can bo degraded in 
yet another direction: the dehydration of camphor oxime (VI) yields a-cam- 
pholenic nitrile, which can be hydrolysed to a-campholenic acid (VII); 
oxidation of this with chromic acid gives isocamphoronic acid (VIII) {Bredty 
Ber. 26, 3056; Ann. 814, 396). 
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-> (CH,),^ -> OC-C(CH,)j-^ 

1 I \ I I 

djH,—C—CO,H CH,—0—CO CH,— C—COjH CH-C—COOH 

III I 

(1) CH, (II) CH, (III) CH, (IV) CH, 

COJI CH,—CH—CH, CH,—CH—CH, CH,—CH-CH, 

L I I II I 

(CH,),C lCH,.C.CH, |CH,.C.CH, -> CHa-C-CH, 

(IjH—CO,H CH,—i — C=NOH CH=^C COOH COOH dOOH COOH 


(V) CH, 


(VI) CH, 


(VII) CH, 


As a result of these two degradations of camphor in different directions, 
Bredt in 1893 proposed formula (IV p. 283) for camphor, with a dimethyl- 
methylene bridge in the 1:4-position. Other constitutional formulae, such as 
those of Wagner (Ann. 292, 129), Tiemann (Ber. 28, 1089), Bredt (Ann. 289, 
16), Perkin, jun. (J. 78, 819), and BouveauU (C. 1897II 866), have not stood 
the test of further investigation. On the basis of the above constitutional 
formulae, Perkin jun. and Thorpe were able synthesise camphoronic and 
isocamphoronic acids {Perkin jun., Proc. 16, 214). 

The final proof of Bredfs constitutional formula was given by the syn¬ 
thesis of camphor, which was carried out in two stages, viz., (1) the synthesis 
of camphoric acid; and (2) the conversion of camphoric acid into camphor. 
The second stage of the synthesis was completed first. Bredt and v. Rosenberg 
obtained d-camphor (VII below) in 70% yield by distilling the Ca-salt of homo- 
camphoric acid (VI), and concluded from this that homocamphoric acid 
was a substituted adipic acid (Ann. 289, 6). Haller carried out the same 
synthesis with the lead salt of homocamphoric acid (C. r. 122, 446), but 
inferred that this acid belonged to the glutaric acid series; he obtained the 
nitrile (V) of homocamphoric acid from camphoric acid by reduction of its 
anhydride to campholide (IV), and treatment of this with KCN (cf. Ruzicka 
and Kuhn, Helv. 8, 762). Blanc cyclised homocamphoric acid to camphor 
with acetic anhydride (C. r. 144, 1367). 

The first synthesis of camphoric acid was carried out by Komppa (Ann. 
870, 209): oxalic ester and ^)3-dimethylglutaric ester were condensed with 
sodium ethoxido to give the ester of diketo-apocamphoric acid (I); methy 1- 
ation of this with methyl iodide and sodium in alcoholic solution yielded 
the ester of diketocamphoric acid (II); this acid (II a) was reduced to a mix¬ 
ture of cis- and trans- t^Z-camphoric acids (III), by way of dihydroxy-, de- 
hydro- and bromo-camphoric acids: 
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(Ha) CO-CH—COgH 

C(CH3), 

(::iO.C(CH3).COaH 


(III) CHa-CH—COjH 
^ i(CH3)a 

CHa-C(CH3).COaH 


(IV) CHa-CH 


-CHa 


!(CH3)a 

CHa-qCHg)—CO 


r 

(V) CHa-CH-CHa-CN (VI) CHa-CH-CHa-CO, 


1 

1 \ 

7l 

qcH,), 

C(CH3)* >a -> 

C(CH3)* 

1 

1 

*«TT TT /■ 

1 // 6 

Stt rMr*rT \ / 

l| 2 

^TT \ r 


CHa-C(CH3). CO. 


CHa-C(CH3).CO. 


c^?-Camphoric acid can be resolved by means of its cinchonidine salt 
into d- and i-camphoric acids, and hence a synthesis of optically active 
camphor can be realised. BredVs formula for camphor solved a problem 
which had occupied the minds of many investigators since the time of Ber- 
thelot (1859). 

For other syntheses of camphoric acid, by Perkin jun. and Thorpe (J. 
89, 796) and by Toivonen (C. 1927 II 1248), see p. 304. For stereochemical 
considerations with regard to the camphor molecule, cf. Aschan, Ann. 816, 
209, and Bredt, J. pr. 121, 167. For the formation of camphor from cam- 
pholenic acid, see Lipp and Lauaberg (Ann. 486, 278); from benzylidene- 
campholic acid chloride, see Rupe and Sulger (Helv. 6, 259), and Haller and 
Palfray (C. r. 178, 1647). The reaction-mechanism of the change from linalool 
to camphor is still unexplained {Vinogradovay Ber. 64, 1991). 

In the Bredt-Haller-Komppa synthesis of camphor, the 6-membered ring 
with the three methyl groups, consisting of C-atoms 1, 7, 4, 6, 6, is first 
built up, and this is followed by closure of the second 6-membered ring 
containing atoms 1, 2, 3, 4, 7. The synthesis of camphor by DieUy however, 
starts with one 6-membered ring already formed: acrolein (I) is con¬ 
densed with cyclopentadiene (II) to give the bicyclic system of norcamphane 
in the form of /d®-norbornylene-2-aldchydc (III); the methyl group is intro¬ 
duced later. The norbornylene-2-aldehyde is reduced to norcamphane- 
2-aldehyde (IV), the enol acetate (V) of which gives norcamphor (VI), m.p. 
94®, on ozonisation {Diels and Alder, Ann. 460, 105; 470, 62); this compound 
can also be obtained from the Pb-salt of homonorcamphoric acid {Hintikka 
and Komppa, Ann. Ac. Scient. Fenn. A, 10, No. 22). The synthesis is com¬ 
pleted via the compounds: camphenilone, methyl-camphenilol, camphene 
and camphor {Diels, Alder, Ann. 486, 202). 
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CHa CH=CH 
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CH*—CH—CH* 
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i 
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CH* 

I 

-CH—CH* 
(IV) 


CHa—CH—CHa 

I 

CH, 
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(VI) CO—CH—CH* CH3COOCH: C-OH—CH* (V) 


The formulae for borneol, camphene and many other compounds related 
to camphor can be derived from formula (IV) (p. 283) for camphor. It is 
frequently difficult to understand the relationship between camphor and 
its reaction products, because of the profourid molecular rearrangements 
these may undergo, particularly under the influence of acid reagents (cf. 
)3-campholenic acid and j^-campholytic acid, etc.). 
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The technical preparation of camphor has a long history. The following 
observations were its basis: in 1841, Pelouze obtained camphor from Borneo 
camphor (borneol) by oxidation; in 1868, Berthelot prepared camphene as 
a solid from pinene hydrochloride, and in 1869 he was able to oxidise this to 
camphor with chromic acid; Lafont obtained isobornyl formate by the action 
of formic acid upon camphene, and acetic acid was added on in the same 
way when the reaction was carried out at 100® for 60 hours; Bertram and 
Walhaum found that this reaction was accelerated by addition of sulphuric 
acid. The addition of water to pinene with the formation of borneol was 
also known quite early: Bouchardat and Lafont were able to carry out this 
hydration by the action of cone, sulphuric acid, benzoic acid or formic acid 
upon pinene (C. r. 113, 661). The inducement to utilise these observations 
for the technical synthesis of camphor was given by the increasing use of 
camphor in industry (see above), and by the Japanese monopoly. 

The processes used fall into three groups; the starting material is always 
pinene, which is available in large quantities in oil of turpentine. 

I. Addition of organic acids to pinene to give bornyl esters, and hydrolysis 
of these to borneol, which is oxidised to camphor. This process is of limited 
value because of the many by-products formed in the esterification (p. 278). 

II. Addition of HCl to pmene to give bornyl chloride, removal of HCl 
to yield camphene (cf. also Acharya and Wheeler, J. Univ. Bombay, 8 , 163): 

a) formation of isobornyl formate from camphene with formic and sul¬ 
phuric acids, hydrolysis to isoborneol, and dehydrogenation of this with 
the aid of metallic oxides such as NiO and CuO m the presence of alkali or 
alkaline earth {Schmitz and Co., Germ. Pat. 203,792 [1907]). 

b) direct oxidation of the camphene to camphor with chromic acid. 

Process II a is particularly good, and most synthetic camphor is made 

this way. 

III. Catalytic rearrangement of pinene into camphene and further treat¬ 
ment according to II a or II b. 

The following table summarises these processes: 


Pinene 


I bornyl ester -> borneol camphor 


II bornyl chloride camphene ‘ 
III camphene 


i a) isobornyl formate 
->■ isoborneol -> 
camphor 
b) camphor 


Reaction products of Camphor. 

Functional derivatives of camphor. 

Camphor diethyl acetal^ C 8 Hi 4 <Q I^OEt, b.p. 102-103®/!!.6 mm., is 

^OEt 

formed from camphor and ethyl orthoformate in alcoholic solution, in the 
presence of mineral acid as catalyst; with P 2 O 5 in pyridine it loses alcohol, 
giving camphor enol ethyl ether (I), b.p. 73*7-74.6®/!! mm. The constitution 
of this very unstable substance is shown by its conversion into the tertiary 
mono-ethyl ester of camphoric acid (II) {Bredt-Savelsberg and Rumscheidt, 
J. pr. 116, 236): 


CgH 



(I) 


/COOH (sec.)i 

OsSLui 

\COOEt (tert.). 

(H) 


^ For the meaning of these terms see p. 306. 
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Camphor oxime, CioHigtNOH, m.p. (active) 119®, {dl) 118®, b.p. 249® 
( Wallach, Ann. 269, 331; Bredt and v. Rosenberg, Ann. 289, 6 ), gives bomyl- 
amine and isobomylamine on reduction. Potassium hypobromite converts 

/CH, 

it into 2’hrom-2-nitrocamphane, CgHi 4 <^ | , m.p. 220® {Ginnings 

\CBr(N02) 

and Noyes, Am. 44, 2667), which on reduction gives 2-nitrocamphane, 
C 10 H 17 NO 2 , m.p. (active) 148®, aci-form (active) 74®. For nitro-compounds 
formed by the nitration of camphane, see Nametkin, C. 1916 I 884. The 
action of nitrous acid on camphor oxime yields the nitrate of 2-iminocamphane, 
/CH, 

oL-camphorimine CgHi 4 ^ | , m.p. 96®, together with a substance 

C 10 R 16 C 2 N 2 , m.p. 43®, known as pernitrosbcamphor or camphor nitrimine\ 
treatment of the latter with sulphuric acid gives 34sopropyl-1-acetyl-A^- 
cyclopentene {isocamphor), a ketone isomeric with camphor (p. 61). Camphor 
anil, CioHjg : N* CgHg, m.p. 13*6®, b.p. 164*6—166®/15 mm., is obtained from 
camphor and aniline, or from N-phenyl-isobornylamine by dehydrogenation 
(p. 281). Camphor oxime and camphor phenylhydrazonc, b.p. 210®/17 mm., 
can be prepared easily from thiocamphor (p. 288) {Wuyts, Ber. 36, 868 ; 
Sen, C. 1936 I 4916). Camphor semicarbazone, m.p. (active) 247-248®, 
{dl) 234® {Bredt and Perkin jun., J. pr. 89, 240). Camphor phenylsemicarha- 
zone, m.p. (active) 163—154®, {dl) 171*6—172*6® {Moranu Gazz. 68 , 409). 
Camphor hydrazone, m.p. 56®, gives camphane by heating with sodium 
methoxide {Wolff, Ann. 394, 86 ). 

Substitution products of Camphor.^ 

Halogen substitution products. — By the action of chlorine and bromine 
on cjamphor, or by loss of CO 2 from halogen-carnphocarboxylic acids, the 
following compounds are obtained: 3-Chlorcamphor (a-chlorcamphor), 
m.p. (active) 94®, and 3-bromcamphor (a-bromcamphor), m.p. (active) 76®, 
{dl) 61® {Ingersoll and Babcock, Am. 66 , 341). 3-Iodocamphor, m.p. (active) 
44®, is formed from Na-camphor and iodine, or from 3-bromcamphor and 
Mg and iodine. Treatment of 3-chlorcamphor with a little NaOEt gives 
the stereoisomeric 3'-chiorcamphor, m.p. (active) 117®; nitration of this 
yields 3-nitro-3'^chlorcamphor, m.p. (active) 132®, while 3-chlorcamphor 
gives 3'-nitro-3-chlorcamphor, m.p. 96® {Lowry and Steele, ,1. 107, 1382). 
Similarly, 3-bromcamphor gives 3'-bromcamphor, m.p. (active) 78® {Lowry, 
Steele and Burgess, J. 121, 633). The action of Na on bromcamphor gives 
dicamphor, (CiqHi60)2, and dicamphene-dione, (CioHi 40)2 (see Germ. Pat. 
94,498 (1896); Oddo, Ber. 37, 1569). a-Bromcarnphor and Mg in ether give 
camphor magnesium bromide, which has been found of use in synthetic 
work {Malmgren, Ber. 30, 2608; Bruhl, ib. 37, 749). ce-Bromcamphor ® 
(previously )S-bromcamphor), m.p. (active) 79®, is formed from camphor 
sulphobromide (see below) by the action of heat {Bredt and Pinten, J. 
pr. 119, 88 ; Qvist, C. 1930 I 2407), or from hydroxy-camphene and 
bromine in acetic acid. ce-Bromcamphor-a-sulphonic acid is formed from 
co-bromcamphor and sulphuric acid in acetic anhydride {Burgess and 
Lowry, J. 127, 271). 7i-Bromcamphor ^ exists in a stable and a labile form, 
m.ps. (active) 93*4® and 63® respectively; it is formed by heating jr-camphor- 
sulphonic acid bromide. para-Bromcamphor, 2-keto-5-bromcamphane, can 
be obtained by the addition of HBr to 3:6-cyclocamphanone {Bredt and 
Holz, J. pr. 96, 138). 3:3'-Dibromcamphory m.p. 61®, is formed by the further 
bromination of 3-bromcamphor {Burgess and Lowry, J. 123, 1867); for its 
degradation with fuming nitric acid, see Lapworth, J. 76, 1134. 3:a>-])ibrom- 
camphor, m.p. 116®, is formed by heating 3:3'-dibromcamphor for some time 
{Bredt and Pinten, J. pr. 119, 88 ; Loudon, J. 1936, 636). 3:3'-Di-iodo- 

^ The system of showing the position of substituents is shown in the 
formula for camphor on page 283. 

* For the meaning of co and n, see formula for camphor, p. 283. 



288 


CAMPHANE DERIVATIVES 


camphor^ m.p. 109^, is formed by the action of iodine on an alkaline alcoholic 
solution of iodo-formyl-camphor {Bruhl, Bor. 37, 2156). 

The action of PCI 5 on camphor gives camphor dichlorlde, 2:2-dichlor- 
camphanef and various isomers (p. 274). 

The action of hot nitric acid on 3-chlorcamphor and 3-bromcamphor 
gives 3-chlor-3'-nitrocamphor (see above) and 3-brom-3'-nitrocamphor 
respectively, which can be reduced with Cu-Zn or by treatment with sodium 
methoxide to 3'-nitrocamphor, m.p. (active) 102® {Cazeneuve, C. r. 108, 
243, 302; id., Bull. 2 (1889), 706; Pescetta, Gazz. 26, II 418; Bruhl, Ber. 
87, 2077; Lowry and Bteele, J. 107, 1038); this can be converted into the 
act-form, which gives characteristic salts. The reduction of nitrocamphor 
yields aminocamphor (p. 292). For p-chlor- and p-brom-cpicamphor, see 
under epicamphor (p. 293). 

Camphor and hot alcoholic ammonium sulphide gives a mixture of sul- 
I)hides, from which thiocamphor, CiqHijS, red needles of m.p. 146®, b.p. 
104®/15 mm., and thioborneol (p. 280) can be obtained by distillation {Wuyts, 
Ber. 30, 863). Pure thiocamphor is prepared from an alcoholic solution 
of camphor with HCl and HgS at 0®. Its smell is like that of camphor; it 
can be converted into the isonitroso-componndy violet needles of m.p. 148®, 
the sensitivity of which towards alkali makes it suitable as an indicator 
{Bdy, Nature 134, 1010; Sen, C. 1936 I 4016; II 1354). 

Camphorsulphonlc acids. — The treatment of camphor with fuming 
sulphuric acid or with chlorsulphonic acid yields dl-camphor- 7 r- 8 ul phonic 
acid, m.p. 66—68®; its compound with diothyleno diamine is known as “ 50 /a- 
camphor"' {Regniers and Vleeachhouwer, C. 1936 II 2237); with cone, sul¬ 
phuric acid and acetic anhydride, camphor-ru-sulphonic acid {Reychler'a 
camphorsulphonic acid), m.p. (active) 193®, (dl) 202®, is formed {Lipp and 
Lausberg, Ann. 436, 275; Frhejacque, C. r. 196, 1513; Loudon, J. 1933, 823; 
Sillani and Curti, C. 1936 I 3966). d-Camphor-;T-8ulphonic acid (from d,3- 
bromcamphor-:rr-sulphonic acid by reduction), and particularly d, 3-brom- 
camphor-n-sulphonic acid, m.p. 196—196® (from d, 3-bromcamphor and fuming 
sulphuric acid: Regler and Hein, J. pr. 148, 1), are frequently used for the 
resolution of racemic bases (e.g. Pope and Peachey, J. 77, 1072; Wedekind 
and Frohlich, Ber. 39, 4439). Fusion of the ce-sulphonic acid with potash 
breaks one of the rings to give a-campholenic acid. Reduction of the co-sul- 
phonic acid, followed by dehydration, leads to the sultone, 2-hydroxy- 
camphane’wsulphonic acid lactone, m.p. 133-5® {Lipp and Roll, Ber. 62, 499), 
which can also bo obtained from caraphene and SO3 in acetic acid. For 
sultams, see Screiber and Shriner, Am. 67, 1896. The methyl ester of camphor- 
3-sulphonic acid, m.p. 77®, is formed by the action of Cl-SOg-OCHg (“vail- 
lantite”) on camphor; it corresponds to the carnphocarboxylic esters, and 
like these it is soluble m alkali {Fr^rejacque, C. r. 183, 607). 

Keto-derivatiyes of camphor. — p-Ketocamphor, 2:6-diketocamphane, 
m.p. 210®, [a]D -f- 103‘42®, in ethyl alcohol; solubility in water at 18® = 2*191%, 
is formed by the oxidation of camphor with chromic acid in acetic acid 
{Bredt, J. pr. 106, 342), and by treatment of p-keto-borneol and of p-hydroxy- 
camphor (see below) with CrOj {Bredt and Ooeb, J. pr. 101, 288). Its pharma¬ 
cological action is similar to that of camphor. Disemicarbazone m.p. 290®- 
{Asahina and Ishidate, Ber. 67, 73); this gives camphane when heated with 
sodium cthoxide in a sealed tube. The mono-semicarbazone, m.p. 240®, is 
converted into borneol by this reaction, the free CO group being reduced; 
this shows that it is the 5-mono-semicarbazone (id., ib.). p-Keto-camphor 
readily forms mono- and dibromo compounds with bromine {Bredt and Pinten, 
J. pr. 119, 102), and with Na and COg it gives 2:5~diketo-camphane-6-carboxylic 
acid, m.p. (active) 210—211® {Asahina and Ishidate, Ber. 67, 440). In the 
animal organism, p-diketo camphane gives 4-hydroxydiketocamphane and a 
7 i-hydroxy-compound; the latter, by oxidation with CrOg, gives apo-cyclo- 
eamphanone-7-carboxylic acid, O 10 H 12 O 3 , m.p. 248—260®, also obtained from 
cyclocamphanone and CrOg {Reindrtz, Zanke and Faust, Ber. 67, 1637). 
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6-Keto-camphor, 2i6-diketo-camphane CioHi 40 a, m.p. 189—190®, dioxime 
m.p. 244—246®, disemicarbazone m.p. 290® (decomp.), is formed by the de¬ 
hydration of dihydroxy-dihydro-a-campholenic acid, and from a-campholonic 
acid (p. 301); it can also be obtained, together with other products, by 
the oxidation of bornyl acetate with CrOg (p. 278) {Asahina^ Ishidate and 
Tukamoto, Her. 69, 349). 


CO 


Camphor quinone^ 2 : 3-diketocamphane CgHudf | , m.p. 198®, is formed 

\CO 


from isonitroso-camphor by treatment with sodium bisulphite or form¬ 
aldehyde, by the oxidation of camphocarboxylic acid {Asckan, Ber. 27, 1447), 
and by the oxidation of camphor with SeOg in acetic anhydride {Evans, 
Ridgion and Simonsen, J. 1934, 137). It is similar to the quinones, has a 
characteristic sweetish smell, is volatile in steam and sublimes at 69—60® 
in golden-yellow needles {Claisen and Manasse, Ann. 274, 71). Fusion with 

xCOOH (sec.) 

alkali gives the semi-aldehyde of camphoric acid, C 8 Hi 4 (f {Bredt, 

\CHO (tert.) 

J. pr. 96, 65). Oxidation of camphor quinonc yields camphoric acid itself. 
The opening of the ring between Cg and Cg takes place so readily that an 
ethereal solution of camphor quinone gives camphoric anhydride merely by 
standing in daylight. Cone, sulphuric acid converts camphor quinone into 
a ketonic acid, CioHie^a* 2:3:3-trimethylcyclohexanone-4-carhoxylic acid, 
(*f- HgO) (active) 67—68® {Bredt-Savelsberg, Zaunbrpcher and Knieke, 
Ber. 60, 1803). With moist bromine, camplior quinone yields ^10^12^3 ^*’ 2 » 
m.p. (active) 137—138®, and CioHuOgBra, m.p. (active) 199—200®, both of 
which are brominated lactones of 2-hydroxy-2-bromomethyl-3:3-dimethyl- 
cyclohcxanone-4-carboxylic acid; the position of the bromine atoms, with 
the exception of that on the 2 -methyl group, is not known with certainty. 
The tribromo compound is reduced by Zn dust and acetic acid in the cold 
to a monobromo derivative CioH^gOgBr, m.p. (active) 144—146®, but at higher 
temperatures the kctonic acid above, C 10 H 14 O 3 , is obtained {Evans, Simonsen 
and Bhagvat, J. 1934, 444). Fuming sulphuric acid brings about a rearrangement 
of camphor quinone even at 0®; the CHg^C'CHg-bridge (cf. p. 300) is opened 
to give dehydro-buchu-camphor {"‘"‘camphor isoguinone^'\ buchu-camphor 
[p. 237] with two atoms of H less in the molecule), which has been degraded 
to dd-diinethyl-d-hydroxy-laevulinic acid {Bredt, Rochussen and Monheim, 
Ann. 314, 389; Manasse and Samuel, Ber. 35, 3834). 


®C:N-OH 

Isonitroso-camphor, camphor quinone 3-monoxime, C 8 Hi 4 <; | 

exists in a stable (anti-) form, m.p. (active) 163®, and a labile (syn-) form, 
m.p. (active) 114® {Forster, J. 83, 614; 1926, 2670; Meisenheimer and Theil- 
acker, Ann. 493, 33); it is formed by the action of amyl nitrite and Na or 
K amide upon camphor in benzene solution {Bredt, J. pr. 95, 66 ; 121, 162), 
and is purified by solution in cone, ammonia and precipitation with COg. 
Concentrated sulphuric acid converts it into camphoric acid imide {Manasse, 
Ber. 26, 241), PCI5 gives the acid chloride of camphoric acid semi-nitrile {Rupe 
and Splittgerber, Ber. 40, 4313), and reduction with Zn and dilute acid gives 
amino-camphor {Claisen and Manasse, Ann. 274, 90; cf. camphor quinone). 

Camphor quinone monohydrazone is formed by the action of hydrazine 
hydrate upon camphor, and exists in two forms, m.p. (a) 206®, (/?) 102 ® 
{Forster, J. 97, 2166); yellow HgO converts it to 3-diazo-camphor (p. 292). 

,C:N.N:C. 

Bis-camphanone-azine, azocamphenone C 8 Hi 4 <f I | \C 8 H 14 , m.p. 

\CO OC^ 

222 ®, occurs as a by-product in the preparation of camphor quinone hydra- 
zone. The interaction of camphor quinone and ketonic reagents leads for 
the most part to 3-substitutcd camphor quinone derivatives; but methyl- 
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amine gives methylimino-epicamphor; this can be reduced to methylamino- 
epicamphor, which solidifies at 18® {Rupe and Martin, Helv. 17, 1207). 

^C-.NNHCeHg 

Camphor quinone mono-phenylhydrazone, C 8 Hi 4 <; 1 , occurs 

\co 

in two geometrically isomeric forms, m.ps. 190® and 36®; for their structure 
and configurations see Forster, J. 99, 478. 

Camphor quinone dioxime: two forms, m.p. (a) 201® and {P) 248®, are 
formed from isonitroso-camphor and hydroxylamine acetate. The y-dioxime, 
m.p. 136®, from isonitroso-camphor and free hydroxylamine, changes on 
melting to the d-dioxime, m.p. 194® (Forster, J. 88, 514; 103, 662; see also 
Meisenheimer and Theilacker, Ann. 498, 33). 


Hydroxy-derivatives ol Camphor. — The reduction of camphor quinone 
gives two hydroxy-camphors III -f- IV, with different structures; they arise 
from the rearrangement of a dihydroxy-bornylone (II) which is the first 
product of the reduction {Bredt and Breat-Savelsberg, Ber. 62, 2214): 



5CH(0H) 
CsHi/ I 
\CO 

jeo 

1 

Vh(OH) 


(III) 

(IV) 


8-Hydroxycamphor, a - hydroxy - camphor, 2 - keto - 3 - hydroxy - camphane 
(active) 197—198®, (dl) 200®, is the mam product of the 
reduction of camphor quinone with A1 amalgam in ether, a reaction in which 
only a small amount of 2-hydroxy-opicamphor (IV) (sec below) is formed. 
After the removal of the 2-hydroxy-epicamphor as its bimolecular ether 
(see below), the 3-hydroxy-camphor is purified through its beautifully 
crystalline semicarbazone, m.p. (active) 183-184® (Bredt, J. pr. 121, 166). 

^CHOOHa 

The methyl ether, b.p. 106—107®/16 mm., is obtained by 

boiling 3-hydroxy-camphor in methanol in a current of HCl for some time; 
semicarbazone, m.p. 204®. The acetate, m.p. 61—62®, has the same m.p. as 
the isomeric 2-hydroxy-epicamphor acetate, but is not identical with it 
(Bredt, J. pr. 121, 170). The reduction of 3-hydroxy-camphor with Na 
amalgam gives ordinary camphor exclusively (Ishidate, C. 1928 II 664). 
For the formation of 3-hydroxy-camphor as a product of metabolism, see 
under camphorol (p. 291). 

P’hydroxy-camphor, 2-hydroxy-3-keto-camphane 
(IV), m.p. (active) 211®, (dl) 212—213®, is obtained as the chief 
product, accompanied by small amounts of 3-hydroxy-camphor, by the 
reduction of camphor quinone with Zn dust and acetic acid. It gives a 

CaaHgeO* (V), m.p. (active) 149-160®, 
(at) loo 134J when treated with methyl alcoholic HCl; under these con¬ 
ditions the 3-hydroxy-camphor is unchanged or gives the liquid mono- 
molecular ether (see above), and hence the method can be used to separate 
the two comjpounds. When the OH group in 2-hydroxy-epicamphor is 
replaced by Cl with thionyl chloride, two molecules condense together during 
si'*'’® acetal-like compound, which may be sriven formula 
(VI), analogous to the formula (V) for the bimolecular ether: 




CH.0.C(0CH8) 


CgH, 

(H.CD)^". 0 ‘dk 


a>*.. 


(V) 


CH-O-CCl 



(VI) 
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The bimolecular ether is hydrolysed by cone. HCl in the cold, giving 
2 -hydroxy-epicamphor, aemicarbazone m.p. (active and dl) 216-216®; treat¬ 
ment with hot methanolic HCl, however, gives the monomolecular ether 
)CO 

I , m.p. 37—38®, b.p. 106—106®/12 mm., aemicarbazone m.p. 

\CHOCH3 

124®. 2-Hydroxy-epicamphor acetate has m.p. 61-62®, the benzoate has 
m.p. 84—86®. 2-Hydroxy-epicamphor reacts with excess of CHgMgl with 
evolution of methane and formation of 3-methyl-2:3-dihydroxy-camphane^ 
m.p. 163—164®. 2-Hydroxy-epicamphor is unstable towards alkali and 
undergoes rearrangement into 3-hydroxy-camphor {Bredt, J. pr. 131, 66 ); 
hence the action of alkaline reagents upon 2 -hydroxy-epicamphor gives 
derivatives of 3-hydroxy-camphor, as well as those of 2-hydroxy-epicamphor 
e.g., the reduction of 2-hydroxy-epicamphor with Na amalgam gives chiefly 
epicamphor (see below) {Bredt and Bredt-Savelaherg, Ber. 62, 2214), but 
some camphor is also formed from the 3-hydroxy-camphor. Under different 
conditions of reduction (Na and alcohol), both 3-hydroxy-camphor and 
2-hydroxy-epicamphor give 2:3-dihydroxycamphaney m.p. 231® {ManassCy 
Ber. 36, 3811). Camphor quinone is reduced in the animal organism (by 
feeding to dogs) to 2 -hydroxy-epicamphor, identical with that described 
above, and a 3-hydroxy-cainphor which is distinct from that obtained 
chemically {Reinartz and Zanke, Ber. 67, 649). The mixture of 3-hydroxy- 
camphor and 2 -hydroxy-epicamphor obtained by the reduction of camphor 
quinone with Zn dust and acids is of value for the treatment of circulatory 
and respiratory diseases; it is used in medicine as a 60% alcoholic solution, 
which is stable, under the name ^^oxaphor^\ 

After camphor has been fed to dogs, their urine contains a compound 
of glucuronic acid (I, 716), which can be decomposed into camphoroU 
C 1 QH 13 O 2 , and glucuronic acid. This camphorol is a mixture of hydroxy- 
camphors, which has been found to contain 6 -hydroxy- and two ;r-hydroxy- 
camphors, besides the 3-hydroxy-camphor described above. Hence the 
biological oxidation attacks the camphor molecule in the ortho- and 
para- positions to the CO group, and also involves both -carbon atoms 
(Aaahina and Ishidatey Ber. 67, 71). The metabolism of camphor 
probably gives several other products {ReinartZy Zanke and Kurschgen, 
Ber. 68 , 310). 

6 -Hydroxy-camphor, m.p. (dl) 130®, dinitrobenzoate m.p. 146®, semi- 
carhazone m.p. 200®, is formed from 2 : 6 -diketo-camphane with Zn and HI 
{Aaahina and Tukamoto, Ber. 70, 686 ). 

6 -Hydroxy-caiiiphor, m.p. 210®, can be obtained by the biological method 
or by the mild reduction (Na amalgam) of 6 -keto-camphor. The aemi¬ 
carbazone, m.p. 222 ®, can be converted into a mixture of epiborneol and 
epi-isoborneol and hence into epicamphor. The structure of the two jr-( 8 - 
or 9-)hydroxy-caiiiphors (cis, m.p. (active) 234®, aemicarbazone m.p. 217®; 
trans, m.p. (active) 233®, aemicarbazone m.p. 226®) has been established by 
their relation to keto-dihydrotereaantalic acid {cis-n-apocamphor-7-carboxylic 
acid), m.p. 270®, and to iao-ketopinic acid {trana-n-apocamphor-7-carboxylic 
acid), m.p. 260®, into which they are converted by oxidation. They have 
been used for the preparation of n-borneol and 7-aldehydo-n-apocamphor in 
their cis- and trans forms, and for the preparation of the opticals antimers 
of n-apocamphane-7-carboxylic acid {Aaahina and Jahidate, Bor. 67, 74; Brit. 
Pat. 441,807 [1936]). The n-hydroxy-camphor, m.p. (active cis-) 234®, has 
also been obtained from yr-bromocamphor and from aiJi-dihalogeno-camphor; 
cautious oxidation with CrOa converts it into n-apocamphor-7-aldehyde, m.p. 
(active) 204—206® {Sahaahi, Takeuchi, Bhimamoto, Iki and Takebe, C. 1935 I 
2021; Kenkyujo, French Pat. 790,220 [1936]; Aaahina and lahidate, French 
Pat. 791,378 [1936]). 

d-Hy^oxy-camphor^ CiaHieOg, m.p. (active) 260®, is formed by the action 
of nitrous acid upon 4-amino-camphor, CioHi 50 (NHa), m.p. (active) 230—232®, 

19 * 
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which is obtained from camphor-4-carboxylic acid {Houben and Pfankueh, 
Ann. 489, 217). 

lO-Hydroxy-camphor, (o-hydroxy‘2-keio-camphane CioHieOg, m.p. (active) 
220® {semicarhazone m.p. 200®), is obtained in the d-form by the reduction 
of the semicarbazone of the methyl ester of d-ketopinic acid, m.p. 216®, 
with Na and alcohol; it is also formed by hydrolysis of the esters obtained 
from lO-bromocamphor and organic acids {Sahashi, Takeuchi^ Shimanwto, Iki 
and Takehe, C. 193612021; Ker^yujoy French Pat. 790,220 [1936]; Asahina and 
Ishidate, French Pat. 791,378 [1936]). Oxidation with bichromate and sulphuric 
acid gives the aldehyde of ketopinic cLcidy (o:2-diketo-camphaney m.p. 210—213®. 
Decomposition of the semicarbazone of lO-hydroxy-camphor with sodiuni 
ethoxide yields 10-hydroxy-camphaney apocamphane-Pcarhinol {Q)-homeol)y m.p. 
200—201®; oxidation of this gives 10-keto-camphaney co-camphory apocamphane- 
l-aliehydey m.p. 187—189® {Asahina and IshidatCy Ber. 67, 1202). 

AmlnO'derlTattTeg of Camphor. — S-Amlno-camphor | , 

\co 

b.p. 244®, is obtained from nitrocamphor, or, better, from isonitroso-camphor, 
by reduction. It is an unstable, waxy mass with a fishy smell; it condenses 
with itself merely on standing to give dikydro-dicamphene-pyrazincy 
3 2 ' 

/CH—N=a 

I I >CoHi 4 , m.p. 116®; as an a-aminoketone it forms hetero- 

\6=n--hc/ 


2 3 ' 

cyclic rings very readily (cf. Duden and Trejfy Ann. 313, 25). Amino-camphor 
hydrochloridcy m.p. 224®, has a similar physiological effect to curare, but 
is much weaker. Acetyl compoundy m.p. 122®. Camphoryl-glyrine estery 
(CioHi60)NHCH2C02Et, is poisonous {Dudeuy Ann. 307, 207; Manasscy 
Ber. 31, 3260; Duden and PritzkoWy Ber. 32, 1538; Einhorn and Jahny 


Ber, 36, 3657). 


Camphoryl carbamide CgHi 4 


/CHNHCONH2 

<i« 


m.p. 169®, 


prepared from amino-camphor and potassium cyanate, gives with nitrous 
acid camphoryl isocyanate (CioH 450 )N:C: 0 , m.p. 77®, a very reactive sub¬ 
stance from which numerous derivatives of camphor can bo obtained. 
Camphoryl isothiocyanatCy (Ci(,Hj 50 )N:C:S, has m.p. 106-6® {Forster and 
Jackson, J. 91, 1890). For aryl derivatives of 3-amino-camphor, see Forster 


and Spinner, J. 116, 889; B, Singh, D. Singh, Dutt and G. Singh, J. 117, 980. 
For 4-amino-camphor, see above. 

/C:N4 

Biazocamphor, 2-keto-3-diazocamphaney C 8 Hi 4 <^ | , yellow crystals of 


m.p. 76®, is obtained by the action of nitrous acid on amino-camphor hydro¬ 
chloride {Angeli, Ber. 26, 1718); a better yield is obtained by the oxidation 
of either of the stereoisomeric camphor quinone 3-monohydrazone8 with 
yellow HgO {Bredt and Holz, J. pr. 96, 148). With potassium sulphite it 
gives the salt of a hydrazine-sulphonic acid, which is hydrolysed by cone. 
HCl into hydrazine and camphor quinone {Rimini, Gazz. 26, II, 290). 
Diazocamphor is used for the preparation of 
3:6- (or P-) Cyclocamphanone, epicyclenone (I) 

CH CH 



3: 6 -Cyclocamphano | 
(II) p. 276 CH 3 


Hydrazone 

with Na- 
ethoxlde 
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m.p. 166—168®, b.p. 206—207®, which is formed almost quantitatively by 
heating diazocamphor with copper bronze; semicarhazone m.p. 244®; the 
hydrazone m.p. 46®, liquefies on exposure to the air. 3:5-Cyclocamphanol 
has m.p. 174—176®, b.p. 205—208®, phenyluretkane m.p. 106—108®. The proof 
of the formula of 3:6-cyclocamphanone is given by its degradation to cyclo- 
isocamphoronic acid {Bredt and //oZz, J. pr. 96, 133), which is carried out 
in the same way as the degradation of camphor to isocamphoronic acid 
(p. 316). Biological oxidation in the animal organism attacks cyclocampha- 
none in the jr-position {Reinartz, Zanke and Faust^ Ber. 67, 1536; Reinartz, 
Zanke and Kurschgen, Ber. 68, 310; see p. 291). 

HC CH CH- 


6 -Keto-bomylene C 10 H 14 O, CHa^C-CHg has m.p. 148® (Aaahina, 


Ishidate and Tukamoto, Ber. 69, 355). 


3 

-CO 


Epicamphor^ ^-camphor, 3-keto-camphane, C 8 Hi 4 <; ! , m.p. (active) 184®, 

2 

{dl) 180®, b.p. 212.5®/747.5 mm., [a]!? ± 584® (in benzene). The Z-form 
corresponds to d-camphor, and the d-form to Z-camphor. It is prepared 

.C:NH 

by hydrolysing epicamphor-imine, CgHi 4 ^ | , with acids; the latter 

compound can be obtained from the azide of bornylcne-carboxylic acid 
(p. 296) by the Curtius reaction. In a similar way, hornylene-hydroxamic 
acid is converted via the imino into epicamphor {Bredt and Perkin^ jun., 
J. pr. 89, 214; Bredt-Savelsherg and Bund^ J. pr. 131, 46). Epicamphor 
(or cpiborneol) can be obtained more readily, but in smaller yield, by the 
oxidation of pinene hydrochloride with chromic acid to 5-keto-2-chlor- 
camphane, followed by replacement of the Cl by H {Bredt and Pinten, 
J. pr. 116, 54); or directly from camjihane by oxidation with CrOg (Zoc. cit., 
p. 48). For epicamphor from 2-hydroxy-3-ketocamphane, see p. 291; from 
6 -ketocamphor, see Asahina and Ishidate, Ber. 66, 1913. The following 
table shows the relationships of and Z-cpicarnphor to d-camphor: 


I cZ,5-ketocamphor 
d, 6-hydroxy camphor 
d, 6-hydroxy camphor semicarhazone 
mixture of cpiborneol and epi- 
I isoborneol 

) d-camphor-3-carboxylic acid 
d-borneol-3-carboxylic acid 
d-bornylene-3-carboxylic acid 
bornylene-3-carboxylic acid azide 
(bornylene-3-hydroxamic acid) 

bomylene-2-hydroxamic acid 
Z-bornylene-2-carboxylic acid 
epiborneol-carboxylic acid 
epicamphor-carboxylic acid 



d-epicamphor 
(Ber. 67, 74) 

• 1 ' 

Z-camphor 
(Ber. 67, 1432) 


i 

Z-epicamphor 
(J. pr. 89, 223) 


Oxime m.p. (active) 103—104®, {dl) 98—100®; semicarhazone m.p. (active) 
237—238®. Isomtroao-epicamphor is prepared in the same way as isonitroso- 
camphor, and like the latter it exists in two forms, m.p. (active) 170® and 
140®; heating converts the second into the first. Both give camphor quinone 
on warming with cone. HCl, and camphoric acid imide if treated for a short 
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time with cone, sulphuric acid. Reduction leads to amino-’epicamphorf 
m.p. (active) 168-170®. Epicamphor is best distinguished from camphor 
by its bromination product, 2-hrom~3‘ketocamphanet m.p. (active) 133—134®, 
{dl) 136®. (Bredtj J. pr. 131, 136). ^ATA-Hydroxy-epicamphory 2-hydroxy- 
6-ketocamphane, m.p. (active) 240®, (dl) 236®, is formed by the hydrolysis 
of pATA-acetoxy-epicamphory p-keto-homyl dcetatCy m.p. (active) 67—77®, (dl) 
73—76®, the oxidation product of bomyl acetate with chromic acid in acetic 
acid (Bredt and Qoehy J. pr. 101, 286; Bredt and PinteUy ib. 119, 106). para- 
Chlor-epicamphory m.p. 168®, is formed in a similar way by the oxidation 
of bomyl chloride (Bredt and Pinten, ib. 116, 48); the reduction of p-chlor- 
epicamphor with Na and alcohol gives epiborneol (p. 279). p-Brom-epi- 
camphor (active) m.p. 136® (Murayama and Tanaka, J. pharm. Soc. Japan 
1927, 131) and 2-brom-6-chlor-epicamphor (active) m.p. 184® (Bredt and 
Pinteny J. pr. 119, 107). For the biological oxidation of epicamphor to 
its hydroxy-derivatives (2-hydroxy- and 4-hydroxy-), by feeding to dogs, 
see Beinartz and Zankey Ber. 67, 689. 

Sodium camphory CjoHigONa, from camphor and sodium or sodamide, 
and camphor magnesium bromide, (CioHi 50 )MgBr, from 3-bromocamphor 
and Mg in ether, benzene, toluene, etc., are particularly useful for the intro¬ 
duction of carbon radicals into the camphor molecule. By the action of 
alkyl halides (Haller and Bauer, Ann. chim. (9) 8, 117; Haller and Louvrier, 
ib. (9) 9, 189; French Pat. 736,428 [1932]), COg, cyanogen, carboxylic esters, 
acid chlorides or anhydrides, and aldehydes and ketones on these substances, 
the following groups can be introduced in place of the H of the -CHa-CO- 
group: -CHa, .COjH, -ON, -COR, .CH(OH)R, .C(OH)RR', ;CHR; the 
resulting products are capable of numerous reactions. 

.CHCOaH 

Camphorcarboxylic acid, camphor-3-carboxylic acid C 8 Hi 4 <f | , 

^CO 


m.p. (active) 128®, (dl) 124® (Bredt, J. pr. 181, 132), with evolution of COg, 
is formed from camphor with sodium, or, better, sodamide, and COg in 
benzene, or from bromocamphor, Mg and COg in ether (Briihl, Ber. 36, 
668, 1305; Furness and Perkin jun., J. 105, 2024). Methyl ester, b.p. 
166—160®/16 mm.; ethyl ester (synthesis: Ruzicka and Kuhn, Helv. 8, 762) 
b.p. 167®/21 mm. The acid and its esters give green and blue colours with 
ferric chloride (enol reaction). The esters can be alkylated with sodium and 
alkyl iodide or with dimethyl sulphate, giving esters of alkyl-camphorcarboxylic 


acids: methyl-camphorcarboxylic methyl ester C 8 Hi 4 <^ | 


C(CH3)C080H8 


CO 


m.p. 87® (azide: m.p. 104® decomp.); ethyl-camphorcarboxylic ethyl ester, 
b.p. 166®/16 mm. These esters are somewhat difficult to hydrolyse; 
from the latter and anhydrous ethylamine at 160® in a sealed tube ethyl- 
camphor (p. 295) and ethyl-camphor ethyl-imine are obtained: the latter 
gives an aurichloride, Ci^Ha^N'HCl’AuCIa, of m.p. 180—182® (J. Bredt, 
private communication). With acyl halides the sodio-derivatives of the 

.C-CO^R 

camphorcarboxylic esters give 0-acylated derivatives: C 8 Hi 4 <^ [I ; 

^COAc 

but with benzene-sulphonic chloride a-chlorocamphorcarboxylic esters and 
benzene-sulphinic acid are formed. a-Bromocamphorcarboxylic esters and 

.C.Hal.COjR 

a-iodocamphorcarboxylic esters, C 8 H, 4 ^ 1 , are also easy to 

\co 


obtain (Briihl, Ber., 86, 1722). **BismocymoV* is the basic Bi salt of camphor¬ 
carboxylic acid (Kolmer, C. 1931 II 3367). 

?CH-CN 

The nitrile of camphorcarboxylic acid, 8 -cyanocamphor, C,H / 1 _ , 

^CO 

m.p. 127®, is formed from Na-camphor and cyanogen, and, mixed with its 



SUBSTITUTED CAMPHORS 


295 


oxime, from hydroxymethylene-camphor (p. 298) by warming with 
hydroxylamine hydrochloride {Bishop, Claisen and Sinclair, Ann. 281, 349), 
The catalytic reduction of 3-cyanocamphor yields methylene-camphor- 
a-camphomethylamtne C 22 H 38 O 2 N, m.p. 162®, which is converted by HCl 

/CHCH2-NH, 

into the hydrochloride of camphomethyiamine CsSiu\ | , b.p. 


126-128®/ll mm., and into methylene-camphor CgHj 


^C:CH2 


{Rupe and 


Hodel, Helv. 7, 1026; see p. 299); methylene-camphor dibromide has m.p. 
108-109®. Di-camphomethyl-amlne, (CioHi 50 )CH 2 NH.CH 2 (CioHi 30 ), m.p. 
124®, is formed by the action of NHg upon methylene-camphor. The Na- 
derivative of cyanocamphor yields with alkyl iodides both O- and 0-alkyl- 
.C-CN /C(Alk)CN 


cyanocamphors, 


{Haller, C. r. 136. 


^COAlk \CO 

788); hydrolysis of the latter, followed by decarboxylation, gives alkyl- 

.CHCHg 

camphors. 3-Methyl-camphor, C 8 Hi 4 <^ j m.p. (active) 38® (see also 

^CO 


Rupe and Lenzlinger, Helv. 18, 266), can be prepared in this way, and is 
also obtained by the hydrolysis of methyl-camphorcarboxylic ester with 
alcoholic potash under pressure. Na-caraphor and CH 3 I give a mixture of 
3-methyl- and 3:3-dimethylcamphor, and the former can be separated as 
its oxime from the dimethyl compound by means of hydroxylamine-zinc 
chloride. Ethyl-camphor has b.p. 108®/14 mm.; ethylidene-camphor, 
(CioHi 40 ):CHCHa, has b.p. 110—116®/10 mm., [a]i) + 113® {Minguin, 
C. r. ife, 677); diethyl-camphor has b.p. 133®/14 mm.; for other homologues, 
see Haller and Louvrier, C. r. 168, 764; Haller and Bauer, Ann. chira. (9) 8 , 
117. 3-Hydroxy-3-cyano-camphor is formed by the addition of HCN to 
camphor quinone; fuming sulphuric acid hydrolyses it to the amide, 
CioH 440 (OH)(CONH 2 ), m.p. 235—240®, and further hydrolysis yields 
3-hydroxy-camphor-carhoxylic acid in two stereoisomeric forms of m.p. 
207—208® and 184® (decomp.). Its decomposition leads to a mixture of 

2- hydroxy-epicamphor and 3-hydroxy-camphor, which is probably due to 
the intermediate formation of dihydroxy-bornylene (p. 290). The acetate of 

3 - hydroxy-camphorcarboxylic acid, m.p. 90—91®, on the other hand, gives 
on decomposition only o-hydroxy-camphor in the form of its acetate 
{Bredt, J. pr. 131, 49). 

/C(CH3)2 

3:3-Dimethyl-camphor C 8 Hi 4 <^^ b.p. 106®/11 mm., from Na- 

camphor and CH3I, is a mobile liquid, smelling of both camphor and menthone; 
it forms neither oxime nor semicarbazone; when warmed with NaNHg the 
ring is opened to give the amide of dimethyl-campholic acid (p. 304) (of. the 
analogous reaction with camphenilone and fenchone) {Haller and Bauer, 
C. r. 148, 1643). 

The electrolytic reduction of camphor-3-carboxylic acid at an amal¬ 
gamated cathode {Bredt, J. pr, 104, 1) yields cis- and trans-borneol-3- 
.CH-COOH 


carboxylic acids, 


m.ps. (active) 101®, (di) 130®, 


(active) 171®, {dl) 146®, 118® (-}- HgO); both acids are oxidised to camphoric 
acid by nitric acid, but KMn 04 attacks only the cis-acid. The Ca salt of 
the cis-acid crystallises with 2 HgO, while the Ca salt of the trans-acid is 
anhydrous (see also Boeaeken, Slooff and Lutgerhorst, C. 1932 I 1782). Both 
acids with acetyl chloride give the acetate of the trans-acid, m.p. (active) 
123®, {dl) 124®. The cis-acid loses water much more easily than the trans¬ 
acid, but with acetyl chloride or acetic anhydride both give 
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m.p. (active) 113®, {dl) 

109®, b.p. 168®/13 mm. {Bredt^ J. pr. 131, 132); oxidation of this with KMn 04 
gives 2-hydroxy-2:3-oxido-camphane-3-carhoxylic arAd, CiiHie 04 , m.p. 208®, 
and then camphoric acid {BrfdU J. pr. 131, 63). The hydrochloride^ m.p. 202®, 
of the hydrazide of hornylene-carboxylic acid^ m.p. 109--110®, can be converted 
into the azide with sodium nitrite, and this can give the urethane and then 
epicamphor. Epicamphor can also be prepared from bornylenc-hydroxamio 
acid {Bredt and Perkin jun.^ J. pr. 89, 226). The simplest method of passing 
from bornylene-carboxylic acid to epicamphor is via the acid chloride^ b.p. 
120—121®/19 mm., which with sodium azide gives the acid azide; the latter 
is converted by HCl into epicamphorimine hydrochloride, and this with 
water yields epicamphor (Bredf-Savelsberg and Bund^ J. pr. 131, 46). 
Bornylene-carboxylic acid combines with HCl, HBr and HI in acetic acid to 
give P-chloro-^ p-brorno- and P-iodo-hydrobornylene-carboxylic acids {2-chloro~, 
2-bromo- and 2-iodo-camphane-3-carboxylic acids) (I), m.ps. 86®, 91® and 130® 
{Bredt and Hilbing, J. pr. 84, 782); the alkali salts of these acids are sparingly 
soluble in water, and when boiled m aqueous solution, yield: (1) bornylene; 
(2) bomylene-3-carboxylic acid; (3) camphene hydrate mcsocarboxylic acid 
lactone (II), m.p. 183®, which is oxidised by nitric acid to mesocarboxy- 
camphenllolic acid lactone (IIa), m.p. 230® {Bredt, J. pr. 104, 27): 


Bomylene-3-carboxylic acid, CgHi 4 ; 


'<Jh 


CH,—CH CHCOOH 

I 1 

I CHj.C-CH, 

CHj—6- CHCl(Br,I) 

I 

CH, (I) 


CHj—CH-C<ci^ 

HCCO 

CHj—CH-CCHj 

( 11 ) 


OHj—CH-C(CH,), 

nico 

I "0^ 


CHj—CH C.COOH 

(Ha) 


A similar rearrangement has thus taken place as in the conversion of 
bomyl chloride into camphene. If in the addition of hydrogen halide to 
bornylene-carboxylic acid a different solvent is used, the trans-acid corre¬ 
sponding to the lactone (II) can be obtained; HBr then yields camphone- 
hydrobromide-trans-mesocarboxylic acid (Ilia), m.p. 167®, which can be 
separated from the 2-bromocamphane-3-carboxylic acid also formed because 
of its low solubility in ligroin. Treatment of the acid (Ilia) with alkali 
replaces the Br by OH, to give camphene-hydrato-trans-mesocarboxylic 
acid (Illb), m.p. 176®, which by dehydration yields campheno-trans-meso- 
carboxylic acid (III), m.p. 76—77®. This acid is converted back into the 
hydrobromide (Ilia) again by fuming hydrobromic acid, but with sulphuric- 
acetic acid it undergoes a retrograde rearrangement to the dZ-acetate (m.p. 
116®) of isoborneol-trans-o-carboxylic acid (IV) and the d^acctate (m.p. 169®) 
of isoborneol-p-carboxylic acid (V) {Bredt, J. pr. 104, 7; 131, 137): 


CHa—CH—CH • COOH CH*—CH—C(CH3)2 


jOHj-icH, 

(H0)(!!H—C! - CJH, 

(V) m.p. 180-181* 


HO,C-CH I 

CH, (^H—C=CH, 
(III) 


(Ilia) 

(Illb) 


—(*)Br. 


CH. 


CH,—CH—CH ■ COOH 
CH,-()-CH, 

CH,—i-CH(OH) 

(IV) m.p. 169“ 


—C(OH)CH, 


Important conclusions can be drawn from these reaction products as to the 
mechanism of the Bertram-Walbaum reaction (p. 267), the mechanism of 
racemisation {Bredt, J. pr. 131, 141), and the migration of the OH group, 
which in the rearrangement ,of Illb can move either to the 2-position of 
the camphane ring, as in IV, or to the B-position, as in V. 
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5CHCOOH 

Camphane-S-carboxylic acid, | m.p. 91®, b.p. 163®/13 mm., 

amide m.p. 166—167®, is formed by the reduction of 2-halogeno-camphane- 
3-carboxylic acids with K-amalgam, or by the catalytic reduction of bornylene- 
3-carboxylic acid with and Pd {Bredt, Ann. 366, 60; Bredt and Hilhingf 
J. pr. 84, 786; Bredt and Perkin jun., J. pr. 89, 232; -ftwpe, Ann. 440, 234). 

/CH-CHgOH 

Oamphano-S-carbinol, S-hydroxymethyl-camphane | , 

m.p. 28®, b.p. 118®/11 mm., is formed by the reduction of camphane- 
3-carboxylic ester with Na and alcohol; it is dehydrated by phosphoric acid 
to 8 -methylene-camphane, b.p. 68-62®/! 1 mm. {Rupe and Brin, Helv. 7, 646; 
Rupe, Ann. 440, 241; Rupe and Lenzlinger, Helv. 18, 266). 

For bornylene-B-methyl ketone and camphyl-3-methyl ketone, see Rupe 
and Kopp, Ann. 440, 216, 227. 

)co 

Epicamphor-2-carboxylic acid, C 8 Hi 4 <; i m.p. 120-122®, and 

^CHCOOH 

some of its derivatives and reaction products have been made by methods 
similar to those for camphor-3-carboxylic acid; 2-bromoepicamphor-2-car- 
boxylic acid melts at 146® with decomposition into 2-bromo-epicamphor; 
cpibomeol-2-carboxylic acid is known in all four possible stereoisoraeric 
ffirms, m.ps. 126®, 146®, 173®, 237®; bomylene-2-carboxyllc acid, m.p. 116®, 
can be converted into camphor by the methods described under epicamphor 
{Bredt and Perkin jun., J. pr. 89, 243) (p. 293). Oamphane-2-caTboxylic acid, 
CiiHigOj, m.p. 78—80®, b.p. 166®/16 mm., can be obtained from bornylene- 
2-carboxylic acid by reduction with Hj and Pd (id. th. 260). 

Like bornyl acetate and bornyl chloride, cf*mphane-2-carboxylic ester 
can be oxidised to a 6-keto-derivative, epicamphor-p-carboxylic acid, 5-keto- 
camphane-2-carboxylic acid CnHigOg, m.p. 185® (Murayama and Tanaka, 
J. pharm. Soc. Japan 1926, No. 627, 1). The lower homologue of camphane- 
2-carboxylic acid, apocamphane-2-carboxylic acid, CipHieOa, m.p. 105®, is a 
product of the ozonisation of a-fenchene (Komppa and Roschier, C. 1917 I 
761; 1918 I 623). 

2-Chlorocamphane-2-carboxylic acid, the chlorination product of cam- 
phane-2-carboxylic acid, can undergo the camphene rearrangement when 
HCl is removed, giving camphene-1-carboxylic acid, CnH^gOa, m.p. 109—110®; 
this is hydrated in the Bertram-Walbauni reaction, undergoing a Nametkin 
rearrangement to give the acetate of i8obomeol-4-carboxylic acid (as formu¬ 
lated on p. 300, -COaH instead of -fU), which after hydrolysis can be oxidised 
to camplior-4-carboxylic acid, 2-keto-camphane-4-carboxylic a^id, CnHijOa, 
m.p. 238—240®. From the latter, 4-amino- and 4-hydroxycamphor can be 
prepared (Houben and Pfankuch, Ann. 489, 216) (see also p. 291). 

In addition to these camphor-carboxylic acids, two ketonic acids with 
one C-atom less will be mentioned, apocamphor-1-carboxylic acid or keto- 
pinic acid, and camphenilone-1-carboxylic acid or camphenonic acid. 

Ketopinic acid, 2-keto-apocamphane-1-carboxylic acid (I), CioHi 403 , m.p. 
234®, is formed by the oxidation of bornyl chloride with fuming nitric acid 
(Oilles and Renwick, Proc. 1896/97, 168; Wedekind, Z. angew. Chem. 38, 316), 
by the oxidation of 2-hydroxy-a>;€u-dinitrocamphane CjHi 4 ( 0 H)*CH(N 02 ) 2 » 
with KMn 04 {^'^PPy Ann. 399, 267), and from tricyclenic J_acid according 
to the scheme: 

(m.p. 197®) 

Tricyclenic acid * Bromapocamphane-carboxylic acid 

jNaOH 

C 10 H 14 OS CioH^Os (m.p. 237®) 

Ketopinic acid Hydroxy-apocamphane-carboxylic acid 
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With sodium methoxide the ring system of ketopinic acid (I) opens to give 
plnophanic acid (II), m.p. 203** (cf. the opening of camphor to campholic 
acid), while oxidation with nitric acid yields carhoxy-apocamphoric acid (III) 
{Bredt, C. 1927 II 2298; Bredt and May, Ch. Ztg. 84, 66). Although they 
are /5-ketonic acids, both ketopinic and camphenonic (see below) acids are 
stable to heat {Bredt, C. 1927 II 2298). If the COg is removed by vigorous 
treatment, the bicyclic system is destroyed by fission at the bridge and a 
cyclohexcnone derivative is obtained {Wedekind, Z. angew. Chem. 88, 316): 


CHj—CH- CHg 

CHa-i-CHai 

I ! 

CH,—C-CO 

i 

(I) GOOH 


CHg—CH CHg 
CHg.i.CH, 

CHg—in COOH 

I 

(II) COOH 


CHg—CH. COOH 
CHg.C.CHg 

CHg—C. COOH 
(III) COOH 


CHg—CH-C(CH3)g 

I I 

CHg COOH 

CHg—CH. COOH 
(IV) 


CHg—CH—-C(CH3)2 

I 

CHg 

I 

CHg—C(COgH)CO 


(V) 


Isoketopinic acid and keto-dlhydro-teresantalic acid are carboxylic acids 
of the 7r-apocamphor series (see Hasaelstrdm, C. 1931 II 1412, and p. 291). 

Camphenonic acid (V), CioHi 40 g, m.p. {dl) 134®, (active) 70® (+ IHgO), 
106® (anhydrous), is formed from camphenic acid (IV) by heating with 
acetic anhydride (see also Aschan, C. 1936 II 1666). Amide, m.p. {dl) 186®, 
(active) 162—164®. Camphenonic acid is stable towards oxidising agents; 
when heated with sodium ethoxide under pressure it reverts to camphenic 
acid (cf. formation of pinophanic acid from ketopinic acid) {Aschan, Ann. 410, 
240; atHouhen and Willfroth, Ber. 46, 2283, 2298). Reduction of camphen¬ 
onic acid with Na and alcohol gives camphenollc acid, Ci^HigOg, m.p. {dl) 
99—100®, which has a charateristic sodium salt, difficultly soluble in alkali. 
Camphenonic acid can be converted into fenchone by reducing the COOH 
group to CHg {Komppa and Klami, Ber. 68, 2001). 

Na-Camphor condenses with oxalic ester to give the ester of camphor- 

,CH.CO.COOH 

oxalic acid, campkoryl-glyoxylic acid C 8 Hi 4 <^ i , m.p. 88® 

\CO 

{B. Tingle and A. Tingle, Am. 28, 214; B. Tingle, ih. 363; Tingle and Williams, 
ib. 89, 277). This is reduced by amalgamated Zn and HCl to camphoryl 
.CH.CHg.COOH 

acetic acid C 8 Hi 4 <^ | m.p. (active) 83®, {dl) 112®, which can 

\co 


also be prepared from camphormethylene-carboxylic acid, camphorylidene- 
acetic acid (OioHi 40 ):CH.COOH, by reduction with Na amalgam {Haller 
and Palfray, C. r. 176, 1193; see p. 299). The electrolytic reduction of cam- 
phoryl-acetic acid at an amalgamated electrode yields the lactone of borneol- 
.CH.CHgCO 

acetic acid, C 8 Hi 4 <f I I m.p. 68®, b.p. 132®/3 mm. {J. Bredt, private 

\CH-O 


communication). 

.CrCHOH 

Hydroxymethylene-camphor, formyl-camphor C 8 Hi 4 <^^ m.p. 80®, 

b.p. 138®/28 mm., is obtained from Na-camphor or camphor -Mg-bromide 
and formic ester, and by the action of alcohol-free sodium methoxide upon 
3-monohalogeno- and dihalogeno-camphors {Bruhl, Ber. 87, 2069; Rupe, 
Henke and Biirki, Helv. 19, 698). It behaves as a strong acid. Methyl ether 
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(C,oHi 40 ):CHOCH 3 , m.p. 40®, b.p. 202®; acetate (CioHi 40 );CHOCOCH„ m.p. 
63^ b.p. 200—203®. PCla gives chlormethylene-cam'phor (CioHi 40 ):CHCl, b.p. 
119®/16 mm.; bromine or iodine in neutral solution yield hromo- or iodo-formyl- 

camphor, m.ps. 41® and 68®. The cyanohydrin (CjoHigOlCH^ , m.p. 

\CN 

122®, is formed by the action of HCN, and when this is boiled with acetic 
anhydride it gives cyanomethylene-camphor (CioHi 40 );CHCN, m.p. 46®, 
b.p. 280®, the nitrile of camphorylidene-acetic acid (CioHi 40 ):CH *00011, 
m.p. 101® {Claisen, Ann. 281, 306). Reduction of hydroxymethylene-camphor 


with Ni and Ha 


camphoryl -carbinol, CsHi 4 ; 


/CHCH-OH 

/ I 


140®/9 mm., benzoate, m.p. (active) 97® {Rupe, Aclcermann and Takagi, Helv. 
1, 462), which can be converted via camphoryl-methyl bromide, m.p. 66®, 


into methylene-camphor, CaHi 4 <( 


(active) 44®, b.p. 86®/9 mm. 


.CHCHjOH 

(p. 296). Two stereoisomeric camphyl-glycols, C 8 Hi 4 <( | , m.p. 

\CHOH 

(cis-) 87®, (trans-) 118®, are formed by the reduction of formyl-camphor with 
Na and alcohol. KMn 04 oxidises the trans-glycol to trans-borneol-carboxylio 
acid (p. 296), but the cis-glycol gives camphoric acid, probably with the 
intermediate formation of cis-borneol-carboxylic acid, which is unstable to 
permanganate {Bredt and Sandkuhl, Ann. 866, 62). The trans-glycol is stable 
when boiled with HCl in benzene solution, but the cis-glycol under these 

^C*CH-OH 


conditions gives bomylene-carbtnol, 


68® {id. ib.). 


For hydroxymethylene-cpicamphor, m.p. 89®, see Perkin jun. and Titley, 
J. 119, 1089. 


The homologous acyl-camphors, C 8 Hi 4 <^ 


/C:C(OH)R 


(tautomeric forms: 


.CH-COR X v/ • VyV/AV 1 

^ 8 ^ 14 ^ I C) 8 Hi 4 ^ II I are obtained from camphor Mg 

\CO \C(OH) / 

bromide by the action of carboxylic esters, chlorides or anhydrides, di- 
camphoryl-alkyl carbinols, (CioHi 50 ) 2 C(OH)Alk, being by-products {Malm- 
gren, Ber. 86, 2633; Bruhl, ib. 37, 762), and by the action of alkyl Mg halides 
upon cyano-camphor {Forster and Judd, Proc. 21, 116). Acetyl-, propionyl-, 
butyryl- and isovaleryl-camphor have b.ps. 118®/11, 129®/11, 132®/11 and 
141-148®/ll mm. Benzoyl-camphor exists in two forms, m.p. 87-88® and 89®, 
and can also be obtained by the action of benzoyl chloride upon Na-camphor 
in toluene {Forster, J. 83, 98; Lowry, J. 123, 2022; 1928, 1333). 

By the condensation of camphor magnesium bromide with aldehydes and 
ketones in ether, secondary and tertiary alcohols are obtained, some of which 
can be readily dehydrated. Camphoryl-methyl-carbinol, (CioHi60)CH(OH)CH8, 
b.p. 223—226®, is prepared in small yield, together with acetyl-camphor (see 
above), by the action of camphor-Mg-bromide upon acetaldehyde; benzaldehyde 
and camphor-Mg-bromide give exclusively benzoyl-camphor. Na-camphor 
and benzaldehyde, however, yield benzylidene-camphor, (CioHi 40 );CHC 8 H 5 , 
m.p. 96®, which is also formed by the reduction of benzoyl-camphor; 
further reduction gives benzyl-camphor (CioHijOlOHjCgHj, m.p. 128®, 
while heating with HBr opens the ring to form bcnzylidene-campholic acid, 
.CHiCHCeHg 

C 8 Hi 4 <f (see p. 303). Other aromatic aldehydes condense 


/C.COR\ 


obtained from camphor 


y-VXi; V^Xi 

'^““< 000 * 


with Na-camphor in a similar way {Haller and Minguin, C. r. 188, 79). 
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which is in a strained configuration (cf. p. 182; W, Huckel, Ann. 466, 123), 
is broken between and C 7 ; ( 2 ) the keto-group is attacked and the ring is 
opened to give derivatives of cyclopentane containing the “campAoceane” 
ring (cf. Bredty Ann. 299, 162). Examples of the first way arc the rear¬ 
rangements of camphor into cymene, carvacrol and carvenone (p. 234; 
Bredt, Bochussen and Monheim, Ann. 314, 371): 

543 
CH,-CH -CH, 

Camphor CHj-CCH, | 

6 l| 2 I 

CHj-C(CH8) . CO 

cf. also the analogous behaviour of carone and a-pinene (pp. 249 and 252). 

The second group of reactions of this kind includes the conversion of 
camphor into a-campholenic acid, campholic acid and camphoric acid. In 
these reactions the 6 -membered ring is opened either (a) between Cj and 
Cj (a-campholenic acid); or (b) between Cg and C 3 (campholic acid and cam¬ 
phoric acid). In the rearrangement of camph<jr qumone with fuming sulphuric 
acid the ring is opened first between Cj and C 3 ; ring enlargement then follows, 
to give trimethyl-cyclohexanonc-carboxylic acid (p. 289). 

(a) The fission of the eamphane ring-system between and Cj can be 
brought about very easily by the action of mineral acids upon camphor 
oxime; this gives a mixture of a- and jS-campholenic nitriles, iso-aminocam- 
phor and dihydrocampholeiiolactone. 

CH 2 CH-CH 2 

a-Campholenic add, CH 3 • C • CH 3 

CH=- C-CH 3 COOH, 

b.p. 256®, 142-142*60/10-5 mm.; dj® 1-009, d^® 0-992; n^f 1-4746; optically 
active. Campholenic aldehyde, CioHi^O, b.p. 830/12-6 mm., {semicarhazone 
in.p. 138 — 1390 ), is formed from pinene oxide and ZnBrg {Arhusov^ Ber. 68 , 
1430). The nitrile^ b.p. 226®, of the acid is formed by the dehydration of 
camphor oxime with dilute sulphuric acid or acetyl chloride; reduction of 
the nitrile gives cL-camphylamine C 10 H 17 NH 2 , b.p. 195®; hydrolysis with 
alcoholic potash yields ot-campholenic amide., m.p. 130®, which is converted 
by alkaline hypobromite into the lower homologue of camphylaraine, a.~amino- 
campholene C 3 H 15 NH 2 , b.p. 185® {Blaise and Blanc, C. r. 129, 106). Further 
hydrolysis of the amide gives a-campholenic acid. Oxidation of the latter 
with KMn 04 yields dlhydroxy-dihydro-a-campholenic acid C 9 Hi 6 (OH) 2 COOH, 
m.p. (active) 144®, {dl) 139®, (cf. p. 254), and a ketonic acid, a-campholonic 
acid; this was originally supposed to be pinonic acid, but has now been shown 
to be 2:3:3-trim€thyl-cyclopentanone-4-acetic acid C 10 H 13 O 3 , b.p. 186®/9 mm.; 
oxim,e m.p. 188®. a-Campholonic acid is converted on heating into 2: 6 -diketo- 
camphane, and can be obtained from this compound by the action of dilute 
HCl upon the di-semicarbazone, which decomposes at 290® {Komppa and Beck¬ 
mann, Ber. 69, 2788; see also p. 289). The oxidation of a-campholenic or 
of dihydroxy-dihydro-a-campholenic acids with chromic acid gives iso-keto- 
camphoric acid, CioHigOj or CH 3 -CO-C(CH 3)2 CH(CH 2 COOH) 2 , and then 
isocamphoronic acid, HOOC.C(CH 3 ) 2 CH(CH 2 COOH) 2 , m.p. 167® {Bredt, Ann. 
289,19; Perkin jun. and Thorpe, J. 76, 897); the latter is converted by heating 
with sulphuric acid into terpenylic acid (p. 256), CO being evolved {Tiemann, 
Ber. 29, 3006). For the reduction of a-campholenic acid to a-campholanic 
acid, see p. 303; for canipholenyl ketone, see Tiffeneau, Livy and Ditz, 
Bull. 2 (1935), 1866. a-Campholenic acid is stable towards alkalis, but with 
acids it rearranges in a peculiar way {Bredt, Bochussen and Monheim, Ch. Ztg. 
24, 868 ) into: 

/^-Campholenic acid (I), m.p. 62®, b.p. 246®. This acid is optically inactive, 
since it contains no asymmetric carbon atom. Its nitrile, b.p. 226®, is formed 


CH 2 -C=- ==CH 

i 

CHg • CH • CHj Carvenone. 

CH 2 -CH(CH3).C0 
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by the action of strong acids (strong hydriodic acid) on camphor oxime; 
on reduction it gives P-camphylamine^ b.p. 197®, and when it is hydrolysed, 
the first product is an amide, m.p. 86 ®, which is converted into p-amino- 
campholene with bromine and alkali {Blaise and Blanc, C. r. 129, 106). KMn 04 
oxidises jS-campholenic acid to a dikydroxy-dikydro-acid, m.p. 146®, and 
then via a hypothetical intermediate (IT) into an oily acid (III), the ring beingt 
enlarged; (III) readily loses COg to form isocamphorono (IV), C 9 H 14 O, b.p. 217®: 

CHa—C-CHa pCHa—CO-CHg 

C CH3 - -> I jcHg CO 

Hj—l:! CHa COOH LcHa—C-CH, COOH 


CHa 

(I) 

CO—CCOOH 


/ \ 

CHj CCH, 

(III) 


CH 3 

(II) . 

CO—CH 

CHj ^CHa- 

\ / 

CHj—C(CHa)a 
(IV) 


Chromic acid oxidises /5-campholenic acid to y-acetylisocaproic acid, 
CH 3 CO-C(CH 3 )a-CHa-CHa-COOH, m.p. 48®, which can be degraded by 
further oxidation to aa-diraethylglutaric acid and aa-dimethylsuccinic acid. 
The same degradation products are obtained from isocamphorono ( Tiemann, 
Ber. 30, 242; BouveauU, Bull. 19 (1898), 665). ^-Campholcnic acid undergoes 
a curious rearrangement when heated with bromine, giving l:3:4-xylyl- 
acetic acid {Ouerhet and Bihal, C. r. 122, 1493). 

CHa -C(CH 3 ). 

Campholene, | ^CCHa , b.p. 134®, is formed by loss of COg 

CHa-C(CH3)a/ 

from a- or, better, ^-campholenic acid by the action of heat, and from 
campholic acid or its chloride with PaOg. It has been synthesised by the 
action of CHgMgl upon 2:2: 6 -trimethylcyclopentanone (p. 66 ), followed by 
dehydration of the tetramethyl-cyclopentanol so formed {Blanc, C. r. 146, 681). 
It is optically inactive, and on oxidation gives /5^-dimethyl-laevulinic acid, 
CH 3 *C 0 *C(CH 3 ) 2 *CH 2 *C 00 H, and aa-dimethylsuccinic acid. Campholene 
dibromide melts at 97®. Heating with hydriodic acid to 280® converts cam- 
pholcne into hexahydro-pseudo-cumene, a reaction similar to the conversion 
of jS-campholenic acid into xylyl-acetic acid {Tiemann, Ber. 30, 694), and 
of camphoric acid into tetrahydro-isoxylene (p. 95) {Bredt, Ber. 20, 3063). 

Dihydro-jS-campholenolaetone (I), m.p. 30®, b.p. 266®, is the lactone of 
hydroxy-dihydro-^-campholenic acid, m.p. 106®; it is obtained in varying 
yield in the decomposition of camphor oxime with strong acids, and it is 
also formed from both campholenic acids and from iso-aminocamphor with 
acids. It has been prepared synthetically by the action of CHaMgl upon 
2 :2-dimethylcyclopentanone-6-acetic ester (II) {Blanc, C. r., 146, 77). 


CH2—CH—CH2 CH2—CH—CH2—CO2R 

(I) CHa-C-O-do do (II) 

CH,-<!!(CHa), CH,—d(CH,), 


When oxidised with chromic acid, it gives hydroxy-dihydro-^-campholeno- 
lactone, m.p. 144® {Tiemann, Ber. 30, 411). 

Iso-aminocamphor, CmHi^ON, b.p. 264®, is obtained together with the 
above substances by the action of strong acids on camphor oxime and the 
campholenic amides and nitriles; it is also formed from m-bromocamphor 
and alcoholic ammonia under pressure {Forster and Howard, J. 103, 63). 
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It is readily converted into dihydro-campholenolactone {Tiemann, Ber. 
80, 324), but its structure has not yet been established. The amino-group 
is probably not in the co-position, because the unstable hydroxy-compound 
obtained from it has properties quite different from those of co-hydroxy- 
camphor {Asahina and IshidatCy Ber. 67, 1203). 

Bihydro-a-campholenlc acid, oL-campholanic acid, CjoHisOg, is known in 
both geometrically isomeric forms; the nitrile^ b.p. 226—228®, of the trans- 
c{{-acid is obtained by heating the isomeric ciZ-camphor-imine (p. 287) in air 
{Mahla and Tiemann, Ber. 83, 1929). Hydrolysis of this nitrile yields trans- 
d/-diliydro-a-campholenic amide, m.p. 126®, identical with the hydrogenation 
product (Pt and Hg) of ctt-a-campholenic amide {Lipp, Ber. 56, 1883). The 
cis-form of dZ-a-campholanic acid, b.p. 161®/14 mm., amide m.p. 129®, is 
formed by the catalytic reduction of ciZ-a-campholenic acid {van KregteUy 
Rec. 86, 64); see also isocampholic acid (p. 304). By bromination and removal 
of HBr an isomer of campholenic acid is obtainc'd, (C 8 Hi 4 ):CH-COOH, m.p. 
70®, which is oxidised by KMn 04 to 2:2:34rimethyl-cyclopentanone, b.p. 166® 
{Blaise and Blanc, Bull. 27 (1902), 71). ^-Campholanlc acid is obtained in 
a similar manner from ^-campholenic acid, and may be degraded via brom- 
/?-campholanic acid and iso-^-Zl^-campholenic acid, m.p. 96®, to 2:3:3-trimethyl- 
cyclopentanone {van Kregten, Rec. 36, 64). 

Epicampholenic acid, b.p. 166®/30mm., is obtained as its nitrile, b.p. 
147®/100 mm., from epicamphor by a reaction similar to that for a-campholenic 
acid {Perkin jun. and Titley, J. 119, 1089). The lactone of y-hydroxy- 
epicampholenic acid is obtained from the oxime of 6-keto-bornyl acetate 

CHg— C(CH3)—C(CH3)a- CH 
(p. 294) by boiling with dilute sulphuric acid: j | || , 

CO—0—CH-CH 

m.p. 69®, b.p. 134—136®/12 mm.; it can be degraded to camphoronic acid 
(J. Bredt, private communication). 

For cyclo-campholenic acid, see p. 316; for fencholenic acids, see p. 317. 

CH—CHjv. 

Camphoceenic acid, 1 | ^CH*C(CH 3 ) 2 -COOH, m.p. 64®, b.p. 

CH—CH/ 

146®/14 mm., is obtained from camphenilone oxime, just as campholenic 
acid is obtained from camphor oxime {Jagelki, Ber. 32, 1606; Blaise and 
Blanc, Bull. 23 [1900] 177). Oxidation with KMn 04 gives dihydroxy-campho¬ 
ceenic acid, C 9 H 13 O 4 , m.p. 163®, and further oxidation with CrOj yields gem- 
dime thy 1 -tricar bally lie acid. 

(b) The camphane ring-system is broken between Cg and C 3 by treatment 
of camphor with alkali (giving campholic acid), and particularly by the 
oxidation of 2- or 3-substituted camphane derivatives (giving camphoric acid). 

CHg—CH—CH3 

Campholic acid. 


m.p. (active) 107®, {dl) 109®, b.p. 255®, is formed by heating camphor, borneol 
or isobomeol with caustic potash to 260—280® {Ouerbet, Bull. 11 [1894], 610; C. r. 
148, 720). It is oxidised % boiling nitric acid to camphoric and camphoronic 
acids {Ouerbet, Bull. 11 [1894], 426); camphoric acid can be reconverted into 
campholic acid by reducing the anhydride to a-campholide (p. 310), conver¬ 
ting this with HBr into bromocampholic acid, and heating the latter with 
Zn dust to 60—60® {Haller and Blanc, C. r. 130, 416). Cf. also benzylidene- 
campholic acid, p. 299. Anhydride, m.p. (active) 68 ®, {dl) 66 ®. The chloride, 
b.p. 222®, decomposes, when heated with PgOj, into HCl, CO and campholene 

/CH3 

(p. 301), and gives with CHaMgl the ketone CgH/ , b.p. 102®/18mm., 

\COCH3 

semicarbazone m.p. 232® {Meerwein, Ann. 417, 270). Campholic amide has 


I 

CH3.COH, 

i 

CHg—C(CH 8 ).C 00 H 
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m.p. (active) 79®, {dl) 90®. The nitrile^ m.p. 72®, b.p. 218®, gives campholamine, 
CioHigNHj, b.p. 210®, on reduction. The amide gives camphelyl isocyanate^ 
b.p. 201®, with Br and alkali, from which camphelamine, m.p. 43®, 

b.p. 176®, can be obtained (Errera^ Gazz. 23 II 497, 600; v. Braun, Ann. 
490,126; Knoll Schmidt, Germ. Pat. 644,890 [1930]). The reduction of cam- 
pholic ester with Na and alcohol gives camphol alcohol *0112011, m.p. 
60®, b.p. 213°, the p-nitrohenzoate of which, m.p. 96®, has a strong smell of 
flowers {Rupe and Fehlmann, Helv. 9, 80, 97). This campholic alcohol is 
different from the tertiary campholic alcohol, b.p. 203®, formed by the action 
of silver nitrite on campholamine hydrochloride; in the latter reaction, the 
five-membered ring is enlarged to a six-membered ring {Bredt, J. pr. 96, 70; 
cf. also V, Braun and Anton, Ber. 66, 1377). Dimethyl campholic acid, m.p. 
74®, is obtained in the form of its amide, m.p. 82®, by the action of NaNH 2 
on dimethyl-camphor {Haller and Ramart, C. r. 173, 682; v. Braun and 
Kurtz, Ber. 67, 229). 

In the preparation of campholic acid a saturated, isomeric acid is formed 
as a by-product; this is isocampholic acid, CipHigOg, and it can be separated 
from campholic acid by repeated esterification and hydrolysis: b.p. 141°/9 mm.; 
anilide, m.p. (active) 119*6°, {dl) 137—139°. It can be degraded thus: 
CgHis CHa-COOH -> C8Hig.CH2*CH20H -> C8Hi5CH:CH2 CgHigCHO 

-> CgHigCOOH to the lower homologue of isocampholic acid, ethyl amide 
m.p. 69° {v. Braun and Heymons, Ber. 61, 2280; v. Braun and Anton, Ber. 66, 
1376), so that it must be formulated as l:2:2-trimcthylcyclopcntane-3-acetic 
acid (a-campholanic acid); see, however, Lipp, Ber. 66, 1883; see also its 
formation from campholic acid, Rupe and Briellmann, Helv. 6, 767. 

Camphoric acid, and its reaction- and degradation products (for 
nomenclature, see Bredt, Ann. 396, 35). — Camphoric acid was 
discovered by Kosegarten as early as 1785; its composition was 
shown to be CioHig 04 by Malaguti in the year 1837. The consti¬ 
tutional formula for camphoric acid was proposed by J. Bredt in 
1893 in connection with his formula for camphor. Camphoric acid 
contains two asymmetric carbon atoms, and all the forms theoretically 
possible are known, viz. four optically active and two racemic forms, 
djCis- and /,cis-, d,trans- and Z,trans-, and dl-cis- and dZ-trans- 
camphoric acids. 

d,cis-Camphoric acid (IV, p. 305), m. p. 187®, 49*7® (in 

alcohol, p — 10), is formed by heating d-camphor or campholic acid 
with nitric acid {Wreden, Ann. 163, 323; Bredt, Ber. 26, 3050), and 
by the oxidation of borneol, isobomeol, camphor quinone, bornylene 
and epicamphor; it has been investigated in detail, because it is so 
easily obtained. When heated above its melting point or treated 
with acetyl chloride {Anschutz, Ann. 226, 1) it is converted into its 
anhydride, m.p. 221®, b.p. 270®. The first synthesis of camphoric 
acid was carried out by Komppa; see p. 284. Further syntheses 
have been worked out by Perkin jun. and Thorpe and by Toivonen. 

Not all the stages of the synthesis of Perkin and Thorpe (J. 89, 796) 
have been explained, and the final yield is very small. The synthesis of 
Toivonen (C. 1927 II 1248; 1936 II 4013) is worthy of notice, because it 
shows the structure of the condensation product of aa'-dibrom-^j^-dimethyl- 
glutaric ester and sodio-malonic ester (p. 164, formulae I and II); this must 
be formulated as a cyclopentene derivative, since treatment with Na and 
CHgl gives 2:3:3-trimethyl-zl*-cyclopentenone-2:4:6-tricarboxylic ester (I, 
below). That this formula is correct is shown by the degradation of the 
compound via y-acetyl-yy-dimethylpropane-a/9-dicarboxylic acid (III; 
p. 164) to aa-dimethyltric?irballylic acid, and by its conversion into cis- 
and trans-dZ-camphoric acid by the following stages: 
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COOR 

I 

/C=:C.COOR 

/\ 

H,C COOR 
COOR 


(I) 


Heating in 


glycerol^ (CH 3 ) 2 C<^ 
—CO, 


CH—CH„ 


H, 




\c - 


CO 


HoC COOR 








COOR 

/CH—CHCOOR 

(ch3)2c<; 

\C - CO 

/\ 

H 3 C COOR 

5- hydroxy-camphoric 
acid 

i 

6 - bromo-camphoric 
acid 

I 

d,i-camphoric acid 


The fusion of camphoric acid with sodium or potassium hydroxide gives 
a number of volatile acids, such as isopropyl-succinic acid, dihydrocamphoric 
acid, H 00 C.CH(CH 3 ).CH 2 -CH 2 .CH(C 00 H).CH(CH 3 ) 2 , pseudo-camphoric 
acid and various other acids not yet investigated {Crossley and Perkin jnn.^ 
J. 73, 1). Oxidation with nitric acid yields camphoronic acid, a dimtrocaproic 
{CH3)2C.C02H 

acid 1 , dimethylmalonic acid, succinic acid and oxalic acid (BredU 

CH3C(N02)3 

Ber. 27, 2092); chromic acid yields camphoronic acid and trimethylsuccinic 
acid {Bredty Ber. 26, 3048); bromine water gives camphanic acid (p. 309) 
{Malda and Tiemann^ Ber. 28, 2151). The oxidation of camphoric acid with 
permanganate yields oxalic acid and the characteristic dibasic y-keto-a^/5- 
trimcthylglutaric acid C^HigOg (HI), m.p. 121 ® (Balbiano's acid: Mahla 
and Titmann^ Ber. 28, 2159), which can be resolved into optical antimers, 
and can be reduced with hydriodic acid to a/^/^-trimethylglutaric acid. Its 
formation can be explained in the following manner: 


(IV) 


CHa—CH—COOH 

CO—CH—COOH -I 

1 

' tO, 

C(CH3)2 ~ 

C(CH 3 ), 

1 

CH 2 —C(CH 3 )—COOH 

CO—C(CH3)C00H- 


fH,0 

+ 0 , 


HOOC C(OH)COOH -| 

C(CH3)3 

H00CC(CH3)-C00H. 


CO—COOH 

-2 CO, I 
- -C(CH3)2 




(III) 
CH(CH3).C00H 


C(CH3)2.C00H Zn(CH,), 

I (Cl)- 

HC(CH 3 ).COOEt (I) 


C(CH 3 ) 2 —COCH 3 KMnO. 


HC(CH 3 ).COOEt (II) 

Balbiano’s acid (III) has been synthesised from the chloride (I) of the 
semi-ester of trimethylsuccinic acid { Bardhan^ J. 1928, 2604); when this reacts 
with Zn(CH 3 ) 2 , the product is the ester of a)9jS-trimethyl-laevulinic acid (II), 
which IS oxidised to y-koto-a/?/5-trimethylglutaric acid (III). 

The distillation of the Ca salt of camphoric acid yields camphorone. 


CO CH 3 b.p. 83®/10 mm., semicarbazone m.p. 198®, 
feHCH, 

oxime m.p. 116® {Bredt^ Bor. 46, 3818); thus there is not only formation 
of a cyclic ketone (p. 20), but also fission of the camphor bridge (p. 300). 
The structure first given to camphorone because of its oxidation products, 
formic, acetic and methylglutailc acids was established by its synthesis from 

Biebter-AnsohUts li. 20 
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2 -methylcyclopentanone (p. 66 ) and acetone with sodium ethoxide(5o«veawft, 
C. r. 180, 416), and by its decomposition into these substances when 
heated with caustic potash ( Wallach, Ann. 881, 322) (cf. also the degradation 
of camphorone with ozone, giving a-methylglutaric acid and acetone: Kon 
and Nutlandf J. 1926, 3109). Its constitution is also supported by its 
behaviour with hydroxylamino, with which it gives an addition product, 
camphorone-hydroxylamine, CgHigOlNHOH), m.p. 120° {Harries and Matfus, 
Ber. 82, 1343; cf. Sanna, Gazz. 59, 232). Reduction with Na and alcohol 
leads to a secondary alcohol, dihydrocamphorol, C 9 H 17 OH; oxidation of 
this with CrOg gives dihydrocamphorone, CgHjgO, b.p. 184-186® (p. 66 ) 
{Semmler. Ber. 37, 236), which is identical with dihydro-pulegenone (p. 236), 
and has been synthesised from a-methyl-a'-isopropyl-adipic acid. 

Tetra- and hexa-hydro-isoxylenes (pp. 90, 95) are formed by heating 
camphoric acid with hydriodic acid. 

When camphoric acid is esterified with alcohols and a mineral acid, only 
small quantities of the neutral esters are formed. In agreement with its 
formula, camphoric acid forms two series of acid esters: 1 . the tert,-8ec.- 
ester-acids (a- or ortho-) (I); these are obtained by partial hydrolysis of the 
neutral esters; 2. the see.-tort.-cster-acids {p- or alio-) (II), which are formed 
by partial esterification of the acid (Brvhl, Ber. 26, 289; BredU ih. 26, 3060; 
Ch. Ztg. 20, 843; J. pr. 83, 399; 84, 788; 138, 92; Ann. 328, 339; Anschutz, 
Ber. 30, 2664; Loir, Ann. chim. phya. 38 (1863), 483). This behaviour of 
the camphoric esters on hydrolysis and of camphoric acid on esterification 
is due to the different reactivities of the two carboxyl groups, which arc 
caused by their respective positions in the molecule. Dimethyl ester, 
b.p. 142-8°/17»5 mm.; a- or ortho-methyl hydrogen camphorate, m.p. 77°; 
p- or aWo-meihyl hydrogen camphorate, m.p. 86—87°; Diethyl ester, b.p. 
167«4°/16*6 mm.; mono-esters: ortho-, m.p. 47—48«6°; alio-, m.p. 66 °. For 
the electrolysis of the ester-acids see Walker, Ber. 26, 600; J. 1892, 1088; 
Haller, C. r. 116, 121; Hoogewerff and van Dorp, Rec. 12, 23. For cierivatives 
of the ester-acids see Haller and Blanc, C. r. 141, 697. 


CHg—CH—COOH 
C(CH3)g 

I 

CHg—C(CH3).C00R 

(I) 


CH,—CH—COOR 
i(CH,), 

CH,—C(CH,)-COOH 
(U) 


(a) {ortho) (secondary) 

{P) {alio) (tertiary). 


Camphoric acid is an antiseptic and reduces perspiration. A number 
of its salts and esters have been recommended for medical use; e.g. the 
acid salt of pyramidone and camphoric acid, C 13 H 17 N 3 O + C 10 H 13 O 4 , and 
the corresponding neutral salt, 2 C 13 H 17 N 3 O + CjoHigO^, in which the effect 
of camphoric acid in reducing perspiration is united with the antipyretic 
effect of pyramidone. **Amphotropin*% the hcxamethylene-tetramine (hexa- 
mine) salt of camphoric acid, 2 CeHijN 4 CioHig 04 , has been much used 
as an internal urinary antiseptic (C. 1912 II 1844; Germ. Pat. 270,180 [1911]; 
Remete, C. 1931 I 1477). For other salts see Kahlbaum, Germ. Pat. 619,063 
(1926); Rojahn, Germ. Pat. 682,806 (1931); Keteszty and Wolf, Brit. Pat. 
447,877 (1936). **Camphosan'' is the methyl-santalyl-ester {Riedel, Germ. Pat. 
208,637 [1908]); **camphoraV* is the di-santalyl-ester {Riedel, Germ. Pat. 
193,960 [1906]); *^guacamphoV' is the di-guaiacol-cster, m.p. 126—127° {Oroh~ 
mann, Pharm. Ztg. 50, 168). For the Bi salt, see Lauter and Braun, J. Am. 
pharm. Ass. 25, 394. 

/COCl 

Camphoric diehloride, CgHi 4 ^ {Scheiber and Knothe, Ber. 45, 2264); 

the cis-form rearranges on distillation into the trans-form, b.p. 140°/15 mm. 
{Bredt, Ber. 28, 319 note). a-Chlorocamphorlc acid dichloride, b.p. 
149°/12 mm., m.p. 26°, is formed by heating camphoric anhydride with PClg 
for 20 hours (Bredt, Ber. 45, 1426), and gives with HgO chlorocamphoric 
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anhydride, m.p. 235*’. a-Bromocamphoiic acid chloride has b.p. 175715 mm., 
and oL-hromocamphoric anhydride has m.p. 196®. 

The diamide, C 8 Hi 4 (CONH 2 ) 2 » cis, m.p. 197—199®, is formed from camphoryl- 
malonic ester with NH 3 ; trans. m.p. -h 1H 2 O 132®; anhydrous 160®, is 
formed from trans-camphoric acid diehloride and NH 3 {Bredt, Ber. 45, 1421). 

Camphoric half-amide half-acids: the sec.-tert-compound (a)-^ m.p. 177®, 
is formed from isonitroso-camphor and HCl and also from camphoric anhy¬ 
dride and ammonia, together with the tert.-sec.-compound (/?-), m.p. 18^; 
the latter is also formed from camphorimide and caustic soda. Distillation 
of the Ca salt with soda-lime gives the nitrile of 2 16 -dimethyl-A^-heptenoic 
acid, (CH 3 )o-C:CH.CH 2 -CH 2 .CH(CH 3 ).CN {Bredt, Ann. 328, 338). For degra¬ 
dation products of these two acids, see p. 310. ^^Novurite^ is a solution of 
5% of theophylline and 10% of a tert.-sec.-camphor-amide-acid derivative, 
the methoxy-allylamino-mercuric acetate derivative of camphoric acid 
/COONa (sec.) 

C H 

" “'^OONH CH, OH(OCH,)-CH,-HgOOC CH 3 (tert.) 

It has a marked diuretic action {Popper, C. 1929 11 596; Zernik, C. 1929 I 
2346; Hahn, C. 1930 I 1415; MitUern, C. 1930 I 3469; etc.). 

Camphoric imidc, ChHi 4 (CO) 2 NH, m.p. 248®, b.p. 300®, is formed from 
camphoric anhydride by distillation in a stream of NH 3 , and from isonitroso- 
camphor by rearrangement {Angeli, Ber. 26, 58; Manasse, ib. 242; Winzer, 
Ann. 267, 308; Bredt, ih. 328, 342). Camphoric imido is reduced at a lead 
(‘lectrode in sulphuric acid solution to give two isomeric lactams, a- and 
/CHjv (see.) / CO V (sec.) 

)9-camphidones, CoHi 4 < >NH, m.p. 231®, b.p. 296®; C 8 H, 4 < >NH, 

\ CO / (tert.) (tert.) 

m.p. 228®, b.p. 308®. Further reduction gives the base camphidinc, 
C 8 Hi 4 (CHa) 2 NH, m.p. 186®, b.p. 209® {Tafel and Eckstein, Ber. 34, 3274). 
a- and j5-Camphidone are the lactams of a- and ^-amino-campholic acids 
(p. 308), and the hydrochlorides of the latter give the camphidones on 
distillation {Bupe and Splittgerber, Bor. 40, 4311). Nitroso-a-camphidone 
is converted into a-campholide (p. 310) by warming with alkali {Tafel and 
Bubhtz, Ber. 88, 3806); when a-campholidc is heated under pressure with 
the zinc chloride-ammonia complex, it is reconverted into camphidonc 
{Schroeter, Ber. 63, 1917). For thioc^mphoric imido, C 8 Hi 4 (CS) 2 NH, m.p. 
136®, see Oddo and Mannessier, Gazz. 40 I, 43. 

N-Mcthyl-camphoric imide, C 8 H 44 (CO) 2 NCH 3 , m.p. 41®, is formed by 
heating the silver salt of camphorimide with methyl iodide, and also by 
heating the a-methyl-iso-imide above its melting point {Hoogewerff and 
van Dorp, Hoc. 12, 22; 14, 252). 

,C-=NCH 3 (sec.) 

a-Camphoric methyl-isoimide, C 8 Hi 4 <( , m.p. 136®, from 

\CO (tert.) 

a-(or^/io-)camphoric mono-methylamide and acetyl chloride or PCI 3 {Hooge¬ 
werff and van Dorp, Rec. 12, 22), changes into N-methyl camphoric imide when 


heated above its m.p. 

.CO (sec.) 

d-Camphoric methyl-isoiniide, C8Hij^ , m.p. 86®, b.p. 268® 

\C=NCH 3 (tert.) 

(without rearrangement), is formed in a similar way from )5-(aZZo-)camphoric 
mono-methylamide, m.p. 178®, obtained from the methylimide and NaOH. 

.CO. 

Camphoric phenetidide, C 8 Hi 4 <Q^^J^N«CeH 4 'OEt, m.p. 119®, is used as an 


antipyretic and for reducing perspiration. 

€amphoric-a-hydroximic acid anhydride, Cg 


/C==NOH 

Hi4< >0 

\CO 


(sec.) 

(tert.) 


m.p. 


For the meaning of a and p, see the formulae on p. 306. 

20 * 
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226®, is prepared by boiling nitrocamphor with HCl (Perkin jun,^ J. 78, 798), 
and from hydroxylamine and camphoric anhydride (Errera, Gazz. 24 II, 342). 

^CN (soc.) 

a-Camphoric acid seml-nitrilc, cyanolauronic acid, 

^COOH (tert.) 

m.p. 152®, is formed by the action of acetic anhydride or PClg upon isonitroso- 
camphoT, and by heating isonitroso-camphor to 206—207® (Sernagiotto, 
C. 1918 II 276); it is also obtained from cis-camphoric acid dichloride and 
ammonia (Bredt, Ber. 46, 1422). In ethereal solution it absorbs HCl to form 

.C=:NH*HCl (sec.) 

the hydrochloride of camphoric iso-imide, C 8 Hi 4 <(^ j;: O 

^CO (tert.) 

a-Camphoric scmi-nitrile acid chloride, m.p. 99®, b.p. 163—165®/15 mm. 
(Borsche and Sander, Ber. 48, 119) is formed from PCI 5 and camphoric imide, 
or from camphoric semi-nitril c acid and thionyl chloride; by further action 
of PCI 5 the H-atom next to the nitrile group is substituted, giving a-chloro- 
camphoric acid scmi-nitrile chloride, which is converted into a-chloro- 
eamphoric imide by warming with HCl (Breat and Iwanov, Ber. 68 , 58; 
Bredt, ih. 63). ^-Camphoric acid semi-nitrile, m.p. Ill®, is formed from 
^-camphoric mono-amide. If the Ca salt of either acid is distilled, the ring 
is opened to form the nitrile, b.p. 89—90®/14 mm., of the dimethyl-heptenoic 
acid which is also obtained by the distillation of camphoric imide or cam¬ 
phoric mono-amide with lime (see above). This nitrile is the lower homologue 
of citronellic nitrile (p. 206) (Bredt, Ann. 328, 338). a- and /^-Camphoric 
semi-nitriles are reduced by sodium and alcohol to a- and ^-amlnocampholie 
acids, CgHj 4 (CH 2 NH 2 )COOH; their hydrochlorides, m.ps. (a-) 248®, (p-) 
215—222®, are converted by heat into a- and ^-camphidones (see above) 
(Bupe and Splittgerher, Ber. 40, 4311). cis-Oamphorie dinltrile, m.p. 160®, 
is formed from the nitrile of camphoric mono-amidc, m.p. 130®, by treatment 
with PClg (Bredt, Ber, 46, 1428); the trans-dinitrile, m.p. 145®, is obtained 
by dehydration of the trans-diaraide (see above). Both nitriles are reduced 
with Na and alcohol to the corresponding diamines (Bredt and de Souza, 
J. pr. 133, 84). 

{,cis-€amphorie acid, [a]|’ —49*5® (in alcohol, p--- 9*83), is prepared by 
the oxidation of ^-camphor or i-borneol, and is identical with d,ci 8 -camphoric 
acid in every respect save th-e direction of its optical rotation. 

d/,cis-Camphoric acid, paracamphoric acid, m.p. 204®, is formed by mixing 
alcoholic solutions of equimolecular quantities of d-cis- and /-cis-camphoric 
acids (Marsh, Chem. News 60, 307), and by the oxidation of dZ-camphor. 
For the resolution of dZ-cis-camphoric acid, see Beckmann (Ber. 42, 487). 
Its anhydride has m.p. 221®. 

d-lsocamphoric acid, d,trans-camphoric acid, m.p. 171®, [a]?® + 48*6® (in 
alcohol, p == 9*88); when Z,cis-camphoric acid is heated with water or, better, 
with a mixture of acetic acid and HCl, it is partly converted into this acid, 
which does not form an anhydride, and it can thus be readily separated from 
the Z,cis-camphoric acid by means of acetyl chloride (cf. p. 304); the action of 
heat, however, converts it into the anhydride of Z,ci 8 -camphoric acid. 

Z-Isocamphoric acid, [a]J® — 48*9® (in alcohol, p= 10), is formed in the 
same way from d,ciB-camphoric acid. The action of water on the chloride 
of d,cis-camphoric acid gives a mixture of this acid and <Z,cis-camphoric acid. 

cZZ-Isocamphoric acid, m.p. 191®, is obtained by mixing d- and Z-iso- 
camphoric acids. dZ-Isocamphoric acid gives dZ-camphoric anhydride when 
heated (Aschan, Ber. 27, 2001). For the crystalline form of the camphoric 
acids, cf. Walden, Ber. 29, 1700. For 3-metliyi-camphoric acid see Bredt- 
Savelsherg, Ber. 66 , 1; for 3-phenyl-camphoTic acid see Nametkin, Kitchkin and 
Kursaanov, J. pr. 124, 144; Bredt-SaveUherg and Bvjchkremer, Ber. 66 , 1921. 

^COgH (sec.) 

Percamphoric acid, C 8 Hi 4 c( , m.p. 49—60®, is prepared from 

. ^COgH (tert.) 

camphoric anhydride and NagOg (Miiaa and McAlevy, Am. 66 , 349, 362). 
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/COSH 

Thloeamphoric acid^ CgH, 4 <^ , is obtained from camphoric 

\C00H 

anhydride and a solution of Na disulphide; it is a liquid with a smell of 
leeks. The Na salt is known as *'campho8tyV' {Begnier and Vleeschhouwery 
C. 1936 II 2237). 


Camphanic acid, 


CHg—C(C 02 H) . O 

I 

CH3.CCH3 

I 

CHg—C(CH3)—CO, 


m.p. 201®, is formed from a-chloro- and a-bromo-camphoric anhydrides by 
boiling with water. It is oxidised by nitric and chromic acids to camphoronic 
acid {Bredty Ber. 18, 2989). When distilled, it decomposes into laurolenic 
acid (p. 311) and laurololactoney m.p. 50®, with loss of COg (Fittig and Woringer, 
Ann. 227, 1; Bredty J. pr. 88, 400; 87, 1). For the degradation of camphanic 
nitrile to camphononic acid, 2:2:3-triinpthyl-cyclopentanone~3-carboxylic 
acid, m.p. 229®, see Bredty Lund and Amann, J. pr. 84, 790. Apocamphononic 
acid, m.p. 110®, has been synthesised {Perkin jun. and ThorpCy J. 86, 128). 
(o-Bromo-camphoric acid, m.p. 208—209® (decomp.), is the product of the 
oxidation of w-bromocamphor and co:2-dibromocamphane with nitric acid 
{Lipp and Lausbergy Ann. 486, 283); its anhydride has m.p. 149-149»5®. 
For 7K-bromo- and jr-hydroxy-camphoric acids, see Kippingy Proc. 1895, 88, 
210; J. 69, 913; 76, 125. 

Bchydro-camphoric acid (II), m.p. (active) 202-203®, {dl) 228®; 
fa]D +113*8® (7*83% solution in ethyl alcohol) {Bredty Houben and Xevy, 
Ber. 86, 1286; Bredty Ann. 896, 26), is prepared by heating chlorocamphoric 
acid diphenyl ester (I), m.p. (active) 89®, {dl) 74®, with quinoline, followed 
by hydrolysis of the dehydro-camphoric acid diphenyl estery m.p. (active) 
155®, {dl) 133®. Dehydro-camphoric acid chloride has m.p. 50®, the diamide 
has m.p. 191®. Dehydro-camphoric acid itself forms no anhydride, but on 
distillation the double bond migrates from the/d®**-position to theZl*'®-po- 
sition, with the formation of the anhydride of isodehydro-camphoric acid (III), 
m.p. 184® {acidy m.p, 181®) {Bredfs Buie: Ann. ^7, 1, 13); camphonenic 
acid (IV) is also formed by loss of COg. The oxidation of dehydro-camphoric 
acid yields camphoronic acid. The addition of HBr leads to a mixture of 
4-bromo-trans-camphoric acid, m.p. (active) 232®, {dl) 240®, and 4-bromo- 
cis-camphoric acid (V), m.p. (active) 160®, {dl) 140®, which on reduction 
give the corresponding stereoisomoric camphoric acids. When the Na salt 
of 4-bromo-trans-camphoric acid is heated in aqueous solution, the Br is 
replaced by OH, giving 4-hydroxy-trans-camphoric acid (VI); camphonenic 
acid (IV) is also formed. Under the same conditions, 4-bromo-cis-camphoric 
acid yields the lactone of 4-hydroxy-camphoric acid (VII), m.p. 228® 
{Komppay Ann. 870, 226): 


CHa—CCl COOCeHg CH=C-COOH CH—CH-COOH CH=CH 


OH3.C.CH3 
CHa-^J—COOCgHg Oh, 




CH3.O.CH 


ICKj-i-CH, 


1 —(l>—COOH CH- 


J—<!j— c< 


lOOH 


(t) OH 3 (11) CH, (III) in, 

CHBr-CH-COOH (HQ)CH—CH-COOH HC- 


CH,—<!)—COOH 

(IV) CH, 

-CH.COOH 


CH,-(i!CH, 
CH,- <!;—COOH 
(V) OH, 


CH,-C-CH, 
CH,—(!^-COOH 
(VI) CH, 


OC^ 


C!(CH,), 


CH, - 
(VII) 


CH, 
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xCOOH (sec.) 

The semi-aldehyde of camphoric acid, CgHi 4 <^ , m.p. (active) 

^CHO (tert.) 

78®, {dl) 64®, is formed from camphor quinone by fusion with potash; oxime, m.p, 

yCO (sec.) 

(active) 166®, {dl) 149®. Acetoxy-/?-campholide, C 8 H 14 / >0 

^CHOCO'CHo (tert.) 

is obtained in two stereoisomeric forms by the action of acetic anhydride 
on the semi-aldehyde; they have m.ps. (active) 128®, {dl) 98®, and (active) 
83®, {dl) 74®. The electrolytic reduction of the semi-aldehyde yields 
/CO (sec.) 

/9-campholide, 031114 / >0 , m.p. (active) 219®, {dl) 217® (see below) 

^CHj (tert.) 

{Bredt, J. pr. 96, 63; 96, 67). 

/CHa (sec.) 

prepared by the reduction 

of camphoric anhydride with Na and alcohol, or Hg and Ni at 210® {Rupe 
and Jdggi, Helv. 3, 664), and by warming nitroso-a-camphidone (p. 307) 
with alkali, methods which are similar to the preparation of phthalide from 
phthalic anhydride or nitroso-phthalimidine {Haller, C. r. 122, 293, 446); 
it is also obtained by the oxidation of camphor with Caro’s acid {Baeyer 
and Villiger, Ber. 32, 3630). With PCI 5 it gives chlorocampholic acid chloride, 
C 8 Hi 4 (CH 2 Ci)COCl, m.p. 21®, b.p. 132®/16 mm. Treatment with HBr yields 
hromocampholic acid, C 8 Hi 4 {CH 2 Br)COOH, m.p. 177® (decomp.), which can be 
reduced to campholic acid (p. 303), and which is converted by PCls into 
hromocampholic acid chloride, m.p. 37®, b.p. 147®/16 mm. /^-Campholide, 
yCO (sec.) 

^0 , (see above) is formed in poor yield by the reduction of 

^CHj (tert.) 

the tert.-sec.-methyl ester of camphoric acid with Na and alcohol (Haller 
and Blanc, C. r. 141, 697; cf. Rupe and Splittgerber, Ber. 40, 4311), but a 
good yield is obtained by the electrolytic reduction of the semi-aldehyde 
of camphoric acid (see above). Dialkyl-a-campholidcs, such as dimethyl- 
and diethyl-oL-campholide, b.p. 146®/10 mm. and m.p. 38® respectively, are 
prepared by the action of alkyl Mg halides upon camphoric acid esters or 
camphoric anhydride; when the latter is used, the corresponding /3-campho- 
lide is also formed: dimethyUP-campholide has m.p. 84® {Shibata, J. 97, 1239). 


a-Campholide, C 8 H 14 C >0 , m.p. 211®, is 

^CO (tert.) 


Camphoric acid can be degraded in two different ways, since either the 
secondary or the tertiary carboxyl group can be removed from the molecule. 
The degradation products formed by the first method belong to the campho- 
nanic series, if no rearrangement has taken place (table A, pp. 312, 313), but 
when a methyl group has migrated they belong to the laurolanic scries (table B). 
The products formed by the second method of degradation are derivatives 
of the a-campholytic series (table C) if there has been no rearrangement, of 
the p-{oT iso-)campholytic series if a methyl has wandered (table D). 

The camphoric-amide-acids, ( 1 ) and (Ill), form the starting materials for 
these degradations; when treated with bromine and alkali, they give two 
isomeric amino-acids, amlnocamphonanic acid ( 11 ), and amlno-dihydro- 
a-campholytic acid (IV): 




CONHg (sec.) 
COOH (tert.) 

(I) 




CsHh/ 

, ^COOH (tert.) 
(II) (Tab. A III) 


^COOH (sec.) 

^CONHj (tert.) 
(HI) 


/COOH (sec.) 

^NHg (tert.) 
(IV) (Tab. C XIII) 
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Amlnocfirinphoiiaiilc i^id (table A, III) (also known as amino-dihydfro* 
lauTotiolic dcid and afn/tno-lduronic acid) gives with acetic anhydride the 
lactam (table A, IV). The nitroso derivative of this compound gives on 
boiling with alkali camphonolic lactone (table A, VI), and a product of the 
migration of a methyl group, laurololactone (table B, XI) (also known as 
dihydrolaurolactone and isocampholactone), m.p. 32®. Amino-dl]iydro» 
a*campholytlc acid (table C, XIll), which can also be prepared from the 
chlorimide of camphoric acid and Na ethoxide, similarly forms a lactam 
with ease (table C, XIV), and also a lactone, dihydro-hydro 3 cy*camphol|^- 
lactone (table C, XVI), m.p. 116® {Bredis Rochussen and Monheim, Ann. 814, 
392). The replacement of both COOH-groups in camphoric acid by 
with the aid of N 3 H leads to 1:3-diamino-2:2:8-trimethyl-cyclopentane9 
m.p. 124®, picrate m.p. 266® {Knoll and Schmidt^ Germ. Pat. 644,890 
[19301). 

Camphonenlc acid (table A, II) (also known as y-lauronolic or aWo-campho- 
lytic acid), m.p. 166®, b.p. l30~-133®/22 mm. {Bredt, J. pr. 87, 8), is formed 
from amino-camphonanic acid (table A, III) and nitrous acid, and from 
dehydro-camphoric acid (table A, 1) by loss of CO 2 ; it is also obtained by 
removal of HBr from 3-bromocamphonanic acid (table A, V) with NagCOs; 
it is oxidised at the double bond by KMn 04 or HNO 3 to form camphoronic 
acid (p. 314). Other members of the camphonanic series are camphonolic 
acid (table A, VII), which is obtained in cis and trans forms by the electro¬ 
lytic reduction of camphononlc acid (table A, VIII); the cis-form is readily 
converted into camphonolic lactone (table A, VI), which adds HBr to give 
8-bromocamphonanic acid (table A, V). The latter is easily reconverted 
into camphonolic lactone {Bredt, J. pr. 84, 797). 

Laurolcnic acid (table B, X) (also known as isolauronic acid or Woringer's 
InuronoUc acid), b.p. 240®, 136®/16 mm. {Bredt, J. pr. 88 , 396), is ob¬ 
tained by the distillation of camphanic acid, and from bromocamphoric 
anhydride and sodium carbonate; it is also formed from 3-bromocarapho- 
nanic acid (table A, V) by treatment with KOH {Bredt and Amann, J. pr. 
87, 13), HCl converts camphoncnic acid and laurolenic acid into the same 
y-lactone, laurololactone (table B, XI) (previously known as campholactone 
or iso-dihydro4aurolactone), m.p. 5(>®, which is a sWeoisomer of the laurolo¬ 
lactone of m.p. 32® (previously named dihydrolaurolactone) {Bredt, J. pr. 88 , 
400). 

a-€ampholytic acid (table C, XII), is a liquid, b.p. 140®/!6 mm, formed by 
the action of nitrous acid on amino-dihydro-a-campholytic acid (table C, XIII); 
hydroxy-dihydro-oL-campholytic arM (table C, XV), C 8 Hi 4 (OH)COOH, m.p. 
132®, and its lactone, m.p. 116® (table C, XVI), are by-products in this re¬ 
action. It is also obtained by the electrolysis of the K salt of the sec.-methyl 
ester of camphoric acid (p. 30(5). It is oxidised by nitric acid to dimethyl- 
tricarhallylic acid, HOOC*C(CH 3 )a*CH(COOH)-CH 2 COOH {Tiemann, Ber. 88, 
2936); for further oxidation products, see Chandrasena, Ingold and Thorpe, 
J. 127, 1677. Just as a-campholenic acid changes into ;ff-campholonic acid 
(p. 301) {Bredt, Rochussen and Monheim, Ann. 814, 391; Walker and Cormack, 
J. 77, 374), so a-campholytic acid rearranges in presence of dilute sulphuric 
acid into 

/9-Campholytic acid (table D, XVIII), m.p. 134®; this was previously 
known as isolauronolic acid and is also formed from camphoric anhydride and 
aluminium chloride (cf. Lees and Perkin jun., Proc. 16, 18; J. 79, 332), and 
by heating sulphocamphylic acid (table D, XIX) to 200®. Its nitrile is ob¬ 
tained from a-camphoric-semi-nitrile acid chloride and aluminium chloride 
{Salmon-Legagneur, C. r. 200, 1222). With hot cone, sulphuric acid /?-campho- 
lytic acid gives sulphocamphylic acid once more. j9-Campholytio acid does 
not contain an asymmetric carbon atom, and hence is optically inactive. 
Its amide has m.p. 129—130®. As with )Sl-campholenic acid, oxidation with 
chromic acid gives a^etyl-isocaproic acid, CH 3 -CO‘C(OHj) 2 *CH 2 *CHj*COOH 
(p. 302) and wx-dimethylglutaric acid {Blanc, Ann. chim. phys. (7) 18, 181; 
Bull. 21 (1899), 864; cf. Bredt, Rochussen and Monheim, Ann. 814, 392). 
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For a synthesis of a-campholytic and )ff-campholytic acids from 1:1-dime- 
thylbutane-1;2:4-tricarboxylic acid, etc., see Perkin jun. and Thorpe, 
Proc. 19, 61; J. 86 , 128. For the degradation of dihydro-a- and -)?-campho- 
lytic acids to 2:2:3- and 2:3:3-trimethylcyclopentanones, respectively, see 
Noyes and Patterson, Am. 27, 426; Bouveault and Blanc, C. r. 186, 1460. 

/COOH 

Sulphocamphylic acid (table D, XIX), C 8 Hi 2 <f + 3 HjO, m.p. 

^SOgH 

165® (decomp.), is obtained by the action of sulphuric acid on camphoric 
acid. It loses two molecules of water of crystallisation at 100®, but the third 
is lost only at 110 ®, a fact which may indicate that it enters into the con¬ 
stitution of the molecule. Heating converts it into /5-campholytic acid; 
fusion with caustic soda gives two acids, CgHigOg, a- and )9-camphylic acids, 
m.ps. 148® and 106®; the a-acid is reduced by Na amalgam {Perkin jun., 
J 88 , 835) to inactive a-campholytic acid (see above; cf. also Noyes and 
Patterson, Am. 27, 425). Oxidation of sulphocamphylic acid with nitric 
acid gives sulpho-isopropylsuccinic acid and dimethylmalonic acid {Koenigs 
and Horlein, Ber. 26, 2044); with permanganate at 0® it is converted into 
the so-called dicamphorylic acid CigHjoOj, a diketonic dicarboxylic acid 
{Perkin jun., J. 75, 175). The constitution of sulphocamphylic acid is not 
yet understood (cf. Bredt, Ber. 46, 3821), but a- and jS-camphylic acids have 
been shown to be dehydro-a-campholytic acid (I) and dehydro-^-campho- 
lytic acid (dehydro-isolauronolic acid) (II) respectively. 

CH=-- C. CO2H CH—C. CO2H 

CH3.C.CH3 C.CH3 

CH=C CH-C—CHg 

I 

(I) CH 3 (II) CH 3 

The presence of conjugated double bonds in (II) has been proved by the form¬ 
ation of an adduct with a-naphthaquinone {Lewis and Simonsen, J. 1986, 734). 


Table A. Camphonane Series. 


CH=C^-COOH 

jCHs-diCHa - 

CH,—i—COOH 

5 i| 

CH, 

(I) Dehydro- 
camphoric acid, 
m.p. 203® 


CH—CH 

I I 

CH,CCH, 


CH,—CHNH, 
I CHvOCH, 


CH,—CH—NH 

■ |ch,.c.chJ 


CH,—C—COOH CH,—C—COOH CH,—C CO 

CH, CH, CH, 

(II) Camphonenic (III) Aminocam- (IV) Lactam of III 
acid, m.p. 156® phonanic acid; m.p. 203®;nitroso- 
hydrochloride compd. (IVa), 

m.p. 303® m.p. 139® 


CHg—CHBr 

I 1 

ICHgCCHa 

CIV-0—COOH 
CH, 

(V) 3-Bromo- 
camphonanic 
acid, m.p. 347® 


CHg-DCHg 


CH.—CO 


CH3C.CH3 


|w—C-CO CH.- 


-COOH CH.- 


CH, (tlH, in, 

(VI) Camphonolic (VII) Camphonolic (VIII) Camphononio 
lactone, m.p. acid, m.p. (cis) acid, m.p. 229® 
161®> 198®, (trans) 260® 
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CHj—CCHg 

II 

C.CH 3 

1 

CHa—CH.CH 3 


(IX) Laurolene 
b.p. 1210 


Table B. Laurolanic Series 


CH 3 —C.CH 3 

I I' 

! C.CH 3 
CH 2 —CCOOH 


CH3—CCH3 

CH CH 3 ? 

I I 

CH 3 --C —CO 


CH 3 

(X) Laurolcnic acid b.p. 
1350/15 mm 


I 

CH 3 

(XI) Laurololactone 
m.p. 500, stereoisomeric 
lactone m.p. 32o 


a-Campholytic Series {Noyes and Potter^ Am. 34, 1068) 


Table C. 
CH 3 —CHCOOH 

CH 3 .C-CH 3 

I 

CH— C 

I 

CH 3 

(XII) a-Campho- 
lytic acid, b.p. 
1400/15 mm. 
(dehydro-acid 
= a-campliylic 
acid) 


GHj—CHCOOH 

CH 3 .d.CH 3 

CHa—CNH 2 
CH 3 

(XIII) Amino- 
dihydro-a-cam- 
pholytic acid 
(hydrochloride, 
m.p. 2610) 


CH 2 —CH—CO 

I 

'CH 3 .C.CH 3 ; 

' I 

CH 2 —C-NH 

CH 3 

(XIV) Dihydro- 
a-campholyto- 
lactam, m.p. 
I 890 ; nitroso- 
compd. m.p. 
1850 


CHg—CHCOOH 
1 I 
!cH3.CCH3 

CH 2 —C—OH 

I 

CH 3 

(XV) Hydroxy, 
dihydro-a-cam- 
pholytic acid m.p. 
(trans) 134o, (cis) 
118-50 


Table D. 


CH 2 —CH—CO 
! CH 3 -C.CH 3 

I I 

CHa—C- 0 


CH 3 

(XVI) Hydroxy-di- 
hydro-a-campho- 
lyto-lactone, m.p. 
1160 


CH 2 —CH 

i II 

CCH, 

I I 

j CHj—C-CH, 

j CH, 

(XVII) Isocam- 
pholytene, b.p. 
1080 


P~ (or Iso-) Camphoiytic Series 


CHa—C-COOH 

II 

CCH 3 

CHa—0 CHa 

I 

CH 3 

(XVIII) /5-Cam. 

pholytic acid, 
m.p. 1340 (de- 
hydro-acid = /?- 
camphylic acid) 


CH=C.COOH 

1 I 

-> CH 3 .C.SO 3 H 

i I 

CHa- C-CHs 

CH 3 

(XIX) Sulpho- 
oamphylic 
acid (?) m.p. I 660 


Isocampholytcne {isolaurolene) (table D, XVII), b.p. IO 80 , is formed by 
heating /5-campholytic acid to 300o. It has been synthesised by the action 
of CHgMgl upon 2:2-dimethylcyclopentanone followed by dehydration of the 
alcohol formed. Like /5-campholytic acid, it is oxidised by KMn 04 to acetyl- 
isocaproic acid (pp. 302,311). It condenses with acetyl chloride in the presence 
of aluminium chloride to give l-acetyl’2i3:3- trimethyl-A^-cyclopentene 
C 3 Hi 3 (COCH 3 ), b.p. 2020 , a ketone isomeric with camphor; this ketone is also 
obtained from the chloride of /5-campholytic acid and zinc methyl, and is 
oxidised by potassium hypobromite to ^-campholytic acid {Blanc, Bull. 5 
(1909), 24). 

Laurolene (table B, IX), b.p. 121o, is formed by rearrangement when 
camphanic acid is heated with water to I 8 O 0 , and by boiling the nitroso- 
compound of amino-camphonanic acid lactam (table A, IV a) with caustic 
soda {Noyes and Derick, Am. 31, 669; Bredt, J. pr. 83, 404). 


.CHjCOaH (sec.) 

Homocamphoric acid, C 8 H. 4 ^ , m.p. (active) 234®, {dl) 

^COaH (tert.) 

232®, is formed by boiling cyanocamphor with aqueous caustic potash; cf* 
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also La<pworth, Proc. 16, 128. Its mono-nitrile, cyano-campholic acid, m.p. 
(active) 164®, is prepared by heating a-campholide with KCN {Haller, C. r. 
122, 446; Komppa, Ber. 41, 4470). Distillation of the Ca salt of homocamphoric 
acid in a stream of CO^ yields camphor (cf. p. 284). 

.C=C(C 02 Et )8 (sec.) 

Camphoryl-malonic ester, C 8 Hi 4 <; >0 , m.p. 82® (active), 

^CO (tert.) 

b.p. 247®/40 mm., is formed from sodiomalonic ester and camphoric acid 
chloride ( Winzer, Ann. 257, 298). Similar compounds are obtained by inter¬ 
action of chloro- and bromo-campholio acid chlorides with the sodio-deri- 

/CH,. 

vative of dimethyl malonate; a halogen-free ester, 0311 , 4 ^ pC(C 02 CH 3)2 ( ?) 

m.p. 79®, is formed together with two esters containing halogen: 
.CH2Hal 

, m.ps. 66® and 73® (i?. Anschutz, private communi- 
\cOCH(CO^c), 
cation). 

.CH 2 -CH 2 C 02 H (sec.) 

Hydrocamphoryl-acetic acid, C 8 Hi 4 ^ , m.p. (active) 

\CO 2 H (tert.) 

142®, is prepared by heating hydrocamphoryl-malonic acid, m.p. (active) 178®, 
obtained by the reduction and hydrolysis of camphoryl-malonic ester (above) 
{Winzer, Ann. 267, 301). 


Oamphoronic acid, QuaL^-trimethyl-carballylic acAd, 


{CB,)fi -C(CH,)—CH 2 


ioOH iiOOH 


!OOH 


is obtained by the oxidation of camphoric acid (p. 304), camphanic 
acid, dehydro-camphoric acid, campholic acid, camphonenic acid, 
etc., with nitric acid. d-Camphoric acid gives a laevorotatory, and 
i-camphoric acid gives a dextrorotatory camphoronic acid {Aschan, 
Ann. 302, 53). 

dZ-Camphoronic acid has been synthesised in the following way: aceto- 
acetic ester and a-bromisobutyric ester, or better, aa-dimcthyl-acetoacetic 
ester and bromacetic ester, were condensed together in the presence of Zn 
{Reformatshy reaction) to give ^-hydroxy-aa/ 8 -trimethylglutaric ester, 
R 00 C-CH 2 C( 0 H)(CH 3 ).C(CH 3 ) 2 C 00 R. This with PCIb gave the /g-chlor- 
ester, which with KCN yielded the ester of j3-cyano-aa^-trimethylglutaric acid, 
the mono-nitrile of camphoronic acid. The latter could be hydrolysed to dl- 
camphoronic acid, m.p. 168® (see helow) {Perkin jun. and Thorpe, J. 71, 1169). 

The importance of the decomposition of camphoronic acid into trimethyl- 
succinic anhydride, isobutyric acid, CO 2 , H 2 O and carbon for the deter¬ 
mination of the constitution of camphor has been mentioned already (p. 284). 
When rapidly heated, camphoronic acid melts at 166® (active) or 172® {dl), 
and is converted into camphoronic anhydride-acid {anhydro-camphoronic 
acid), b.p. 206®/12 mm., the m.p. of which, 139® (active), 137® {dl) is that 
observed when camphoronic acid is heated slowly. Anhydro-camphoronic 
acid is converted by PCI 5 into two structurally isomeric chlorides, m.ps. 
(active) 132® and 39®; when distilled in vacuo, the former is converted into 
the latter. The latter gives with bromine two stereoisomeric hromo-anhydro- 
camphoronic acid chlorides, which are converted by boiling water into the 
lactones of two unstable hydroxycamphoronic acids; these lactonic dicar- 
boxylic acids are cis- and tiams-camphoranic acids, and they may be com¬ 
pared to cis- and trans-camphoric acids in the relative position of the two 
C500H groups. 

cis-Camphoranlc acid, -h HjO, m.p. 209®, anhydride, C^H^oOs, 

m.p. 137®, contains a lactone ring which is very resistant to alkali; fusion 
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with potash gives a good yield of trimethylsuccinic acid and oxalic acid 
{Bredt, Ann. 299, 131; Aschan, Ann. 802, 61 ): 

CO— O +KOH COOK COOK 

(CHa),^- C(CH,)(COOH) • (IjHCOOH ^ (CHa)J(!^-CH(CH,)COOK ^ ioOK 
Camphoranic acid Trimethylsuccinic acid 

trans-Camphoranic acid p-hydroxy-camphoronic acid”)^ m.p. 249®, can 
be decomposed in the same way. When dehydrated, it yields the anhydride 
of cis-camphoranic acid (J. Bredt, J. pr. 149, 161). 

(CH3)2.C C(CH3).CH3.CH, 

Homocamphoronic acid, I I I , m.p. 207® 

COOH COOH COOH 


(decomp.), is formed by the action of dilute HNO 3 on aa-dibromocamphor 
in presence of AgNOg, a profound rearrangement taking place, and by boiling 
a-bromocampholide with the same reagents for some time {Kipping, J. 75, 
137; Lapworth and Chapman, J. 75, 996). 

Isocamphoronic acid, HOOC-C(CH 3)2 CH.(CH 2 .COOH) 2 , m.p. 167®, is 
formed by oxidising a-campholenic acid with KMn 04 (p. 301), dihydroxy- 
dihydro-campholenic acid being an intermediate. It is also obtained by the 
oxidation of fenchono and camphenilone {Nametkin, Orehova and Chuchrikova, 
C. 1923 I 1600), and of pinonic acid and pinoylformic acid {Tiemann and 
Semmler, Ber. 28, 1348; Baeyer, Ber. 29, 2793); in the two latter cases mole¬ 
cular rearrangement takes place. It has been synthesised by condensing 
sodio-cyanacetic ester with aa-dimethylglutaconic ester, and hydrolysing 
the product {Perkin jun,, Proc. 16, 214). When isocamphoronic acid is 
heated with bromine, the product is bromo-isocamphoronlc acid (I), which 
can be used for the preparation of the lactone, m p. 266®, of trans-a-hydroxy- 
isocamphoronic acid and the lactone (II), m.p. 186®, of cis-a-hydroxy-iso- 
camphoronic acid (cf. cis- and trans-camphoranic acids). The latter lactone 
can also be obtained by oxidation of synthetic dehydro-camphenic acid (III) 
(p. 268) with HNO3 {Lipp, Ber. 47, 2995): 


CHa — 

-CH- 

-C(CH,), 

CHj — 

CH C(CH3)3 

CHa—C 

1! 

C(CH3)a 

COOH 

CHBr 

j 

COOH 

(t-OOH 

CH—0—CO 

in 

j 

COOH 

(I) 

1 

COOH 


(II) 

COOH 

(Ill)CHa—CH. 

COOH . 


The oxime (m.p. 85®) of 8 : 5-cyclocainphauoiie (I) can be dehydrated 
with ring-fission to give cyclocampholcnic acid nitrile (II), m.p. 80®, b.p. Ill®/ 
17 mm.; this can be hydrolysed with alcoholic potash tocycio-campholenicacid 
(m.p. 110 ®), which is oxidised with KMn 04 to cyclo-isocamphoronic acid (111), 
m.p. 230® {Bredt and Holz, J. pr. 95, 133). This series of reactions 
corresponds to the conversion of camphor into isocamphoronic acid (above): 

CH CH CH 




CH3.C.CH3 (I) 

I I 

-C(CH 3 )-C 0 


CH3.C.CH3 I(II) 

-=^C(CH3) cn 



ch,.6.ch3 1 (III) 
COOH COOH COOH 


See also the degradation of 4 -methyl-camphor to symm. methyl-isocamphoro- 
nic acid {Bredt-Savelsberg and Buchkremer, Ber. 64, 600), and of 4-phenyl- 
camphor to symm. phenyl-isocamphoronic acid (id., Ber. 66 , 1921). 


Fenchone (I, p. 316), m.p. 6 ®, b.p. 193®, d}® 0*9466, n^ 1*46306, occurs in 
nature both as the d- and the i-form; it is very similar to camphor in its 
properties, but in contrast to that compound it has no technical and only 
few pharmaceutical uses. d-Fenchonc, [oc]d c. -f* 66 ®, was found with camphor 
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in fennel oil by WalloA^h and Hartmann in 1890; 2-fenchone was found with 
pinene, thujone or tanacetone and bornyl esters in thuja oil by WalUich in 
1892. When heated for some time with nitric acid, fenchone is oxidised 
mainly to a,a-dimethyl-tricar bally lie acid, dimethylmalonic acid and iso- 
camphoronic acid {Gardner and Cockburn, J. 73, 708), but dilute nitric acid 
under pressure gives nitro-derivatives {Nametkin, J. pr. 108, 29). KMn 04 
oxidises fenchone to dimethylmalonic, acetic and oxalic acids. Oxidation 
with CrOa gives p-keto-fenchone, m.p. 93® {Bredt, J. pr. 106, 344); this can 
he converted into p-keto-bromofenchone, m.p. 132®, and hence into keto- 
fencholenic acid, m.p. 127® {Bredt and Pinten^ J. pr. 119, 97). Fenchone 
oxime exists in two active geometrically isomeric forms, m.p. 167® and 
123® {W. Hiickel and Sachs, Ann. 498, 179); m.p. {dl) 159®; fenchone 
isoxime, m.p. (active) 137®, {dl) 161®; fenchone semicarhazone is formed with 
difficulty: m.p. (active) 183®, {dl) 172®. On reduction the direction of rotation 
is inverted, and two stereoisomcric fenchyl alcohols (p. 280) are formed, 
together with fenchopinacol, m.p. 97®. Fenchone rearranges to m-cymene 
when heated with P 2 O 5 {Richter and Wolff, Ber. 63, 1724), and with strong 
sulphuric acid to 1:3:4-acetyl-xylene {Marsh, Proc. 16, 196). Fenchone 
does not react with sodium bisulphite nor with phenylhydrazine, and does 
not form a hydroxymethylene compound; with Na and COg two a-hydroxy- 
acids are formed: a- and )9-fenchoCBrboxylic acids, CioHi 50 (COOH), m.ps. 
(active) 142®, and 77®; these are converted by dehydration into anhydro- 
fenchocarboxylic acid, m.p. 176®, which seems to have a tricyclic structure 
{Wallach, Ann. 300, 294). Bromine at 100® converts fenchone into mono- 
hromofenchone CioHjgOBr, b.p. 131—134®/18 mm. {Semmler, Ber. 40, 434), 
in which the Br is on the 6 - or the cc-carbon atom. The constitutional 
formula for fenchone (I) was deduced by Semmler from the physical pro¬ 
perties of fenchone and from its oxidation products in acid, neutral and alkaline 
solution (Ch. Ztg. 29,1313); it was fully established by the following synthesis 
carried out by Ruzicka (Ber, 60, 1362). 3-Methylcyclopentanone-3-carboxylic 
ester (II) undergoes the Reformatsky reaction with bromacetic ester and Zn to 
give (III), which is converted, via (IV) and (V), into 1 -methyl-norcamphor (VI); 
this was twice methylated in the 3-position to give fenchone (1): 

CHg—CO CHg—C(OH). CHg CHg-C^-CH 

I Zn + BrCH,COOR | | PBr, | | 

CHg -> CHg COOR -> CHa COOR 

I i ! 

CHa—C-COOR CHg—C-COOR CHg—C-COOR 

I i I 

(11) CH 3 (III) CH 3 (IV) CH 3 




CH,—CH—CH, 


CHj 

CH,I 

1 

PTT 

Dist. of 


2 

NaNH, 

Oxlg 

1 

Pb salt 


CO 


CHa—C CO 


CHj 


H, and 
hydrolysis 


CHa COOH 


(I) «>CH 3 (VI) CH 3 (V) CH 3 

For the synthesis of fenchone from camphenic acid, via camphenonic acid, 

see p. 298. 

Fenchone is oxidised in the animal organism to 4-hydroxy-, 6 -hydroxy- 
and :nf-hydroxy-fenchone {Reinartz and Zanke, Ber. 69, 2269). 

Fenchone has been recommended as a substitute for camphor in the 
treatment of rheumatism (“(erpoetd”) (C. 1921 IV 486). 

Thiofenchone, CioHjaS, has m.p. 24®, b.p. 208®/24 mm. {Rimini, Gazz. 
89 II 209). 

Fenchone undergoes a ring fission when heated to 230® with caustic 
potash, or when treated with sodamide, a reaction which is similar to the 
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conversion of camphor into campholic acid (p. 303) and camphenilone into 
dihydro-camphoceenic acid (p. 319); the product is 

Fencholic acid, l-methyl~3-iso'propylcydo'pentane-l-carboxylic acid 
CHa-CH—CH(CH3)2 

i 

CH^ 

CHg—C(CH3)C02H 

m.p. 19®, b.p. 152®/!7 mm.; this has been synthesised {Bauveault and Levalloia^ 
C. r. 148, 1624). The chloride has b.p. 100®/16 mm.; the amide has m.p. 
(active) 94®, {dl) 116® {Wallach^ Ann. 369, 71). The Hofmann degradation 
of this amide gives fenchelyl isocyanate, : CO, and then fenchelyl- 

amine^ C 9 H 17 NH 2 , b.p. 173® {Wallach^ Ann. 369, 79; Bouveault and Levallois^ 
Bull. 7 (1910), 683; v. Braun^ Ann. 490, 126; v. Braun and Friehmelt, Ber. 66, 
684; V. Braun and Jacob, Ber. 66, 1461). a-FenchoIenic acid, CgHigCOOH, 
a liquid, b.p. 255®, and /i-fencboienic acid, m.p. 73®, b.p. 260®, are obtained 
by the hydrolysis of their nitriles: ol-, b.p. 212 ®, (}-, b.p. 218®, which are 
formed both together by boiling fenchone oxime with dilute sulphuric acid 
{Cockburn, J. 76, 501). ^-Fencholcnic nitrile is hydrolysed more readily to 
the acid than a-fencholenic nitrile, which is converted 6 rst into the amide, m.p. 
(active) 114®, {dl) 99®, so that the two acids can easily be separated by this 
method. The formulae for the two acids show that the decomiiosition of 
fenchone oxime is not so simple as that of camphor oxime. 

Several important derivatives of a-fencholenic acid are known. a-Feiicho- 
lenc-amine (1), b.p. 205®, is formed by the reduction of a-lencholenic nitrile 
{Wallach, Ann. 300, 310); a-fencholene-alcohol, b.p. 218®, can be prepared 
from a-fencholenic amide {id., ib. 284, 337), and gives the ether, fenchenol 
(II), b.p. 183®, when heated with dilute acids. /1-Fencholenic acid is degraded 
by ozone to 3-mcthylcyclopeiitanoiio-3-carboxj1ic acid (III), m.p. 170®, 
semicarbazone m.p. 199® (cf. the synthesis of fenchone); further oxidation 
gives a tricarboxylic acid, and finally a-methylglutaric acid (IV), m.p. 78®, 
Both a- and /^-fcncholenic acids are converted into lactones by cone, sulphuric 
acid; the a-aeid giyesthe lactone of hydroxy-dihydro-tx-fencholenic acid 
m.p. 78®, and the /j-acid the lactone of hydroxydihydro-p-fencholenic acid, 
m.p. {Semmler, Ber. 39, 2863); the latter is found among the oxidation 
products of fenchyl alcohol (p. 280). A third isomeric acid, C 9 H 15 COOH, 
y-fencholenic acid, b.p. 146®/10 mm., easily converted into a-fencholenic acid, 
is formed by the action of hot alcoholic potash upon bromofenchone; on 
ozonisation cyclobutane- 2 -[a-isobutyric acid], semicarbazone m.p. 192®, is 
formed {ib. id. 40, 432). 

/CH3 

CHa—CH C(CH 3)2 CH 2 —C=C< 

4 31 i 1 \cH3 

2CH COOH CH 2 

5 ill ! 

CH 2 —C- CH 3 CHa—C(CH 3 ) . COOH 

a-Fencholenic acid /5-Fencholenic acid 

(or zl®(i)-) 

CHa—CH C(CH 3)2 CHg—CO 

I I I 

CH CH,NH, CH, 

CH,—l-CH, (I) CH,—C(CH,).COOH (III) 

I 


CH,—CH -C(CH,), 

(IjH, CH, 
CH,—(!!(CH,) J) (II) 


CH,—COOH 

I H 

CH,—C(CH,). COOH. (IV) 
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Fenchone and CHjMgl give tert.-methylfenchol, > C<f , m.p. 61®, 

CH3 

b.p. 87®/10 mm., which has a peculiar sweetish mouldy smell. When it is 
dehydrated, the main product is 1 -methylcamphene, which is converted 
by the Bertram-Walbaum method to 4-methyl-isoborneol; for the mechanism 
of this reaction, see p. 267. Since this 1 -methylcamphene is also the 
chief product of the dehydration of tert.-methyl-bomeol, and can be con¬ 
verted into fenchone by ozonisation, it is clear that camphor can be con¬ 
verted into fenchone via tert.-methylborneol and 1 -methylcamphene. 

Isofcnchone, CioHigO (I), b.p. 201®, is prepared by the oxidation of iso- 
fenchyl alcohol with chromic acid (p. 280); oxime^ m.p. (active) 82®, {dl) 133®; 
semicarbazone, m.p. (active) 221—222®, (dl) 223—2249; hydrazone, m.p. 111—112®; 
with bromine it gives monohromo-iaofenchonef m.p. (active) 57®, {dl) 47®. When 
heated with caustic potash, it is decomposed into isofencholic acid, CioHigO^, 
m.p. 34®; amide m.p. 66 ®. Oxidation with KMn 04 yields a dicarboxylic 
acid, isofonchocamphoric acid, C 10 H 13 O 4 (II), which, like camphoric acid, is 
a ring-substituted glutaric acid and has two asymmetric carbon atoms; 
all the four optically active forms and both racemates are known: cis- 
(active) m.p. 169®, [a]D ± 14'64® (in ethyl alcohol); {dl) m.p. 173®; trans- 
(active) m.p. 160®, [a]i) ± 4*16® (in ethyl alcohol); {dl) m.p. 174®. Isofeiicho- 
eamphoric anhydride has m.p. (active) 98®, {dl) 96® {Sandelin, Ann. 396, 299). 
Camphoric acid can be converted into dchydro-camphorio acid, and similarly 
isofenchocamphoric acid gives dehydro-isofenchocamphoric acid (III), m.p. 
(active) 171®, {dl) 191®; because of the meso-trans-position of the carboxyl 
groups this cannot form a monomolecular anhydride (cf. dehydro-camphoric 
acid; and Bredt^ Ann. 437, 10). 


C(CH3)2—CH-CH2 C(CH3)2—CH-COOH 


CHo 


CHo 


(I) 


I 

CH 3 (II) 


QCHg)—CO CHg - C(CH 3 ).C 00 H 

(CH3)2.C.C0.C00H (CH3) 

CH3 (IV) 

I 


C(CH3)2—C-COOH 

(Ih (IU) 

CHj— qCHsjCOOH 
C—COOH 

(!h (V) 


CH,—CO CHa—CO 

Alkaline permanganate oxidises (III) to ad-diketo-j^^-dimcthyicaproic acid 
(IV), which in the presence of alkali undergoes ring-closure to give 4:4-di- 
methyl-/l^-cyclopentBnone-3-carboxylic acid (V) {Toivonen, Ann. 419, 184). 

Isofenchone and CHgMgl yield tert. -methyl-isofcnchol, m.p. 47®; dehydration 
of this compound gives the ring-unsaturated 2-methyl-isofenchene {methyl- 
isofenchylene), CnHig, b.p. 160—162®, which can bo oxidised to cis-iso- 
fenchocamphoric acid. l-Methyl-)5-fenchene is also obtained in the oxidation 
and can be reconverted into isofenchone {Komppa, Ann. 472, 179; 623, 87). 

4-Methylsantenone : see ToivoneUy C. 1936 II 2969, and Komppa and 
Nyman, Ber. 69, 712. 


The following lower homologues of camphor and fenchone will now be 
dealt with: apocamphor, santenone = Tn-apocamphor, and camphenilone, all 
of the constitution C 9 H 140 , 1 -methyl-norcamphor and S-methyl-norcamphor, 
CgHjjO, and norcamphor, C 7 HioO. With the exception of ji-apocamphor, 
they differ from camphor and fenchone in that they do not occur in nature 
and have been obtained only by synthesis. 

Apocamphor, cc-fenchocamphorone (I), m.p. (active and dl) 110®, b.p. 202®, 
is formed by the ozonisation of a-fenchene (p. 272), and by the further oxi¬ 
dation of hydroxy-a-fenchenic acid (II), m.p. 163® {Komppa and Roschier, 
Ann. 470, 129); it can be obtained from the Pb salt of homo-apocamphorio 
acid by dry distillation (cf. camphor) {Komppa, Ber. 47, 934). Apobomeol 
has m.p. (active) 130®, (dl) 124®. The oxidation of apocamphor yields apo* 
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camphoric acid Ccamphopyric acid'') (III), m.p. (cis) 204®, (trans) 190®; 
this can also be obtained by loss of COj from carboxy-apocamphoilc acid 
(IV), an oxidation product of ketopinic acid (p. 297) and of camphene {Jagelki, 
Ber. 82, 1498). Apocamphoric acid can be obtained synthetically from 
diketo-apocamphoric acid (p. G9) by a series of reductions {Komjypa^ Ann. 
368, 126). In agreement with its symmetrical structure the cis-form of 
apocamphoric acid is inactive (meso-form; see Bredt, Ch. Ztg. 20, 840); in other 
respects the acid behaves like camphoric acid. Chloro-apocamphoric add, ra.p. 
171®, yields hydroxy-apocamphoric acid, m.p. 197®, and apocamphanic acid, 
m.p. 167®, when treated with alkali {J. Bredty private communication). 



CHa—CH—CH* CHjj—CH—COOH CH^—CH COOH 

iCHa-C-CHal -j-ICHa-C-OHa ■«-; CH3.6.CH, 

' i 1 ! : i 

CHj—CH—CO CHj—CH COOH CHj—C(COOH), 


(II) (I) (III) (IV) 


Dehydro-apocamphoric acid, m.p. 224®, and isoddiydro-apocamphoric acid, 
m.p. 209® {Komppa, Ann. 368, 149), and apocampholide, m.p. 164® {id., Ber. 
47, 936) are prepared in the same way as the corresponding derivatives of 
camphor, and resemble them closely in their properties. 

Camphcnilonc (I) is related to fenchonc in the same way as apocamphor 
to camphor; m.p. (active) 37—38*5®, {dl) 39®, b.p. 192®; cryoscopic constant 
606 {Dulou, Bull. Pm (2) 1934, 210). It is easily accessible from cam¬ 
phene (p. 268). Semicarhazone, m.p. (active and dl) 224®. Camphenilone 
has been synthesised by the methylation of noreamphor, and by the de¬ 
gradation of isocamphenilanic acid ( 6 . Komppa and 0. Komppa, Bor. 69,2606). 
Dehydration of either of the two isomeric oximes of camphenilone (m.ps. 110® 
and 166®) yields the nitrile of a-camphoceemc acid, which can be hydrolysed 
to oL-camphoceenic acid (p. 303; cf. a-fencholcnic and a-campholenic acids). 
The final degradation product of camphenilone is dimethyl-tricarballylic 
acid. Bihydro-camphoceenic acid, b.p. 139®/12 mm., corresponds to fencholie 
acid; its amide, m.p. 168®, is formed by the action of sodamide upon campheni¬ 
lone {Semmler, Ber. 39, 2680). CrOg oxidises camphenilone to p-keto-cam- 
phenilone, m.p. (active) 74®, {dl) 66 ® {Bredt and Pinten, J. pr. 119, 91). Cam** 
phenilol, the reduction product of camphenilone, exists in two stereoiso- 
meric forms (cf. p. 276), m.p. (active) 76® and 98—101® ( W. Huckel and 
Tappe, Ber. 69, 2769); it can be converted into camphenilyl chloride m.p. 60®, 
and thence into santenc (p. 271). The dehydration of carnphenilol gives 
apocyclcnc and santene {Komppa and Nyman, Bor. 69, 334). Camphenilone 
IS also formed by the intramoleci lar rearrangement of apotricyclol (11), 
b.p. 82—86®/12*5 mm., m.p. 75—80® (indef.), which may therefore be considered 
as a kind of cyclic enol form of camphenilone. Apotricyclol is obtained from 
tricyclenic acid (III), C 10 H 14 O 2 , m.p. 150®, by way of the amide, m.p. 118®, 
and apotricyclylamine {Lipp and Padberg, Ber. 54, 1316). 



(I) 


( 11 ) 


(III) (see also p. 276) 


Tricyclol, CioHjeO, m.p. 112 ®, which is prepared by the reduction of the 
methyl ester of tricyclenic acid, can be oxidised to the aldehyde tricyclal, 
C 10 H 14 O, m.p. 90®, semicarbazone m.p. 220®. The decomposition of the hydra- 
zone of tricyclal gives tricylene (p. 275), a fact of great importance in the 
determination of the structure of this hydrocarbon {Lipp, Ber. 53, 772; cf. 
also Komppa, Ber. 62, 1366). 
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For ^-tenchocamphorone^ the lower homologue of isofenchone, see under 
jS-fenchene (p. 272); for an attempt to synthesise it, see Bardhan, Banerji 
and Bose (J. 1986, 1127). 

Santenone, n-apocamphor (I), is found in a weakly laevorotatory form 
in East Indian sandalwood oil. The dl-form, m.p. 50°, semicarbazone m.p. 
229°, is formed by the oxidation of a-santenol obtained from santene and 
by the dry distillation of the Ca salt of homosantenic acid {Enkvist, J. pr. 
187, 275). Santenone is very similar to camphor, and a great number of 
its reactions are analogous to those of camphor. Corresponding to isoborneol 
and borncol, we have a-santenol, n-apo-isoborneolj and santene alcohol, 
Ji-apoborneol (obtained from the former by the action of sodium ethoxide); 
similarly we have isonltroso-santenone, santenone quinone, cyanosantenone, 
santenone-carboxylic acid, etc. For the products from santenone in the 
Orignard reaction, see Komppa and Nymans Ann. 617, 105; Bor. 69, 712. 
Santenol, santene-alcohol and santenone give by oxidation santenic acid, 
C 9 Hi 404 (11), which is known in cis- and trans-forms. It can be converted 
via bromosantenic acid and santenenic acid (111) into cis-allosantenic acid 
(IV); the constitution of this has been proved by its synthesis from oxalic 
ester and /^-methylglutaric ester, a series of reactions analogous to Komppa’s 
synthesis of camphoric acid. The isomerism of these acids depends on the 
different positions taken up by the methyl group on C^, as shown in the 
formulae II and IV {Enkvist, J. pr. 187, 261; Komppa and Rohrmann, 
Ber. 67, 828). For a synthesis, see Komppa and Rohrmann, Ann. Acad. 
Sci. fenn. 44, No. 3, 3 (1936). 


CHj—CH—CHa CHg—CH—€OOH 


HC-CHj, 

I 


I 

HC-CHo 


CHj—C — CO CHa—C—COOH 

<I) CH 3 (II) CH 3 

cis-Form m.p. 171° 
Anhydride m.p. 116° 
trans-Form m.p. 167° 


CHg—C—COOH 

il 

CCH 3 -> 
CHg—C—COOH 


CH 2 —CH—COOH 

4 3|2 

CH 3 CH 

I 

CH 2 —C—COOH 

5 i| 


(111) CH 3 (IV) CH 3 

cis-Form m.p. 152° 
Anhydride m.p. 92*5° 
trans-Form m.p. 130° 


l-Metbyl-norcamphor is an intermediate in Ruzicka’s synthesis of fenchone 
(p. 316, formula VI); semicarbazone, m.p. 210—211°. 

8-Methyl-norcamphor, apo-camphenilone (p. 186) is prepared by a diene 
synthesis, and by distillation of the Pb salt of methyl-homonorcamphoric 
acid; the latter is the oxidation product of 5-methyl-[ 1:2:3]-bicyclo-octan-7-ol, 
which is obtained from santene-diketone (p. 194) {Komppa, Ber. 86, 1127; 
Komppa and Beckmann, Ann. 628, 68 ). 

Norcamphor (1), m.p. 94°, semicarbazone m.p. 197°, is prepared syntheti¬ 
cally from homo-norcamphoric acid in the same way as camphor is prepared 
from homocamphoric acid {Hintikka and Komppa, C. 1918 II 369). It can 
also be obtained by a diene synthesis, from the condensation product 
of cyclopentadiene and acrolein (p. 22). Its oxidation product, nor- 
eamphorlc acid (II) (cyclopentane-1:3-dicarboxylic acid), m.p. (cis) 121°, 
(trans) 88°, anhydride m.p. 161°, was the first ring-substituted glutaric acid 
to be synthesised; Wislicenus and Pospischill prepared it by condensing the 
Na-compound of the tetracarboxylic ester (III) with methylene iodide, 
followed by hydrolysis and decarboxylation of the product (IV) {Pospischill, 
Ber. 81, 1953) (see also p. 63): 


CHj—CH—CHg CH 3 --CH.COOH CHj—C(C00R)3 CH3CH(C00R)3 

CH.I. I 


in. 


CH, 


CH, 


CH,—CH—Co CH,—CH COOH CH,—^(COOR), CH,.CH(OOOR),. 

(I) (U) ' (IV) (III) 


Na 
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Norborneol exists in two diastereoisomeric forms (see p. 276); dl, P-nor- 
bomeol (exo-form), m.p. 126—127®, phenylurethane m.p. 144—146®; dlt a- 
norbomeol (endo-form), m.p. 149®, phenylurethane m.p. 169—160® {Alder and 
Stein, Ann. 626, 201). Norcamphane, m.p. 86—87®, the fundamental hydro¬ 
carbon with a bicyclic ring-system composed of a six-membered ring with 
a para-methylene bridge, is prepared from norbomylamine (p. 273). 

Ring-homologues of camphor and its dorivatiyes with 8 carbon atoms in 
the ring-system can be prepared by the distillation of the Ca or Pb salts 
of the homologous camphoric acids; they arc derivatives of {li2:S\-hicyclo- 
octane (see p. 194). Winzer^s hydro-camphoryl-acetic acid yields homocamphor 
(I), CiiHigO, m.p. 190®, semicarhazone m.p. 262®, oxime m. p. 168®, which 
can be converted via the isonitroso-compound into homocamphoric acid (II) 
{Lapworth and Royle, J. 117, 793); cf. the synthesis of camphor, p. 284. 
Homo-cpicamphor (III), m.p. 204®, semicarhazone m.p. 245®, oxime m.p. 106®, 
is formed in a similar way from a-carboxycamphocean-)3-propionic acid, 
1 : 2 :2-trimethylcyclopentane-l-propionic-3-carboxylic acid {Salmon-Lega- 
gneur, C. r. 192, 748); isonitroso-homo-epicamphor can be converted into 
^-homocamphoric acid (IV), m.p. 222® (cf. isomtroso-homocamphor, above). 
The constitution of the latter is established by the formation of epicamphor 
in the distillation of its Pb salt {Salmon-Legagneur, C. r. 194, 467; Bull. 
61 (1932), 807). 

CH^—CH—CHa CH^—CH—CH^ CH 2 —CH- CO CH—CH—COOH 

i ' i ! i i ! ! ! 

CHg-C-CHa CH 2 ! CHa-C-CHg COOH | CHa-C-CHa CHa-C-CHa COOH 

I ! I i I ! I II 

CH 2 —C-CO CHa—C- COOH CHg—C-CH- CH 2 —C-CH. 

I i II 

(I) CHa (TI) CHa (III) CH 3 (IV) CHg 

For K-homocamphenilone and carbocamphenilonone, see under camphene, 
p. 269, and Hintikka, Her. 47, 612; C. 1919 I 840; for carbofenchonone, the 
higher homologue of carbocamphenilonone, see Wallcu^h and Westphalen, Ann. 
816, 276. The oxidation product of santene glycol yields 6-methyl-[l;2:3]- 
bicyclo-octcn-7-one {Semmler and Bartell, Ber. 41, 871; p. 194); the same 
type of ring-system is present in [1:2: 8 J-bicyc]o-octan- 2 -one 9 which is obtained 
by the distillation of the Ca salt of hexahydrohomo-isophthalic acid {Komppa 
and Him, Ber. 36, 3610). 


D. THE SESQUITERPENES AND THE POLYTERPENES 

The sesquiterpenes have the composition C 15 H 24 , and are widely 
distributed in essential oils. A large number of sesquiterpenes have 
been isolated as individuals, but many of these appear to be identical. 
They are faintly-coloured, rather viscous oils, with a slight and not 
very pleasant smell; they boil between 250® and 280®, and some 
resinify very readily. On the basis of their chemical and physical 
properties, particularly their molecular refraction and specific gra¬ 
vity, they are placed in four groups {Semmler, Konstitution der 
Sesquiterpene und Sesquiterpenalkohole, Breslau 1910): 

1. Acyclic sesquiterpenes with 4 double bonds 

([Ri]d 69-60; d-0.84); 

2. Monocyclic sesquiterpenes with 3 double bonds 

([Ri]b 67-87; 0-87-0-89); 

3. Bicyclic sesquiterpenes with 2 double bonds 

([R,]d 66-13; d- 0-90-0-92); 

4. Tricyclic sesquiterpenes with 1 double bond 

([Ri]d 64-40; d- 0-91-0-935). 

Bichtei-Anschtttz U. 


21 



322 ACYCLIC SESQUITERPENES 

Fully saturated sesquiterpenes are unknown. The relationship 
existing between isoprene, CgHg, and the terpenes, CioHjg, a re¬ 
lationship which is not merely a matter of formulae, exists also 
between isoprene and the sesquiterpenes (see p. 197); the hypothesis 
that the sesquiterpenes should be formulated as the condensation 
products of three isoprene molecules has been of great value in the 
determination of the structures of a number of these hydrocarbons 
(see Buzicka, Uber Konstitution und Zusammenhange in der Ses- 
quiterpenreihe, Berlin 1928). Three molecules of isoprene can be 
condensed together in various ways ; inter alia they can give a sub¬ 
stituted hydrogenated naphthalene ring, or a system which is easily 
converted into such a compound. A large number of sesquiterpenes 
have been dehydrogenated with sulphur and selenium, and some of 
them have yielded naphthalene derivatives; hence these are hydro¬ 
genated naphthalene derivatives or compounds which can readily be 
transformed into hydrogenated naphthalene derivatives. Other cyclic 
sesquiterpenes, however, yield no characteristic dehydrogenation 
products, and probably contain a more complex ring system, e.g. with 
a bridged ring. These indications have lead to a further division of 
the three groups of cyclic sesquiterpenes (Ruzicka^ see below). Besides 
the dehydrogenation of the sesquiterpenes, the addition of hydrogen 
halides, NOCl, NgOg and N 2 O 4 is used for their characterisation and 
separation, well-crystalline derivatives often being obtained. 

Like the true terpenes, the sesquiterpenes give oxygen derivatives, 
e.g. C 15 H 24 O and CjgHggO, the sesquiterpene alcohols or '‘sesqui- 
camphors^\ which in contrast to the hydrocarbons usually crystallise 
well. A few sesquiterpene ketones are also known. 

1. Acyclic Sesquiterpenes. — (a) Hydrocarbons CuH,*. 

Sesquicltronellcne, b.p. 140®/9 mm., d*® 0‘8489; nn 1.63262, occurs in 
Java citronella oil. On hydrogenation with Pt and 8 H-atoms are taken 
up and the octahydride, C 15 H 32 , is formed, but with Na and alcohol only 
2 H-atoms enter the molecule {Semmler and Spornitz, Ber. 46, 4026). Very 
similar to sesquicitronellene is famesene, b.p. 128-130®/] 2 mm., dj® 0*8386, 
ni) 1*4966, which is obtained by the dehydration of nerolidol and of farnesol 
with acetic anhydride {Ruzicka, Helv. 6, 492); it is probably a mixture of 
hydrocarbons. The following compound is called a-farnesene 
CH 3 CH 3 CH 3 

CHj—C=CH—CH,—CHj—i^CH—CH,—CH=C—CH=CHa 

1 2 3 4 5 6 7 8 9 10 11 12 

{Terpinolene form) 

Since farnesol (sec below) is a mixture of limonene and terpinolene forms 
{Ruzicka, Helv. 6 , 496), farncscnc must also contain both forms. A further 
possibility of isomerism is given by the fact that the double bond can be d® ’ i®, as 
in a-famesene, or can link C-atom 10 to the side-chain methyl group, as in 
j?-farnesene. Both of these acylic sesquiterpenes are converted into monocyclic 
sesquiterpenes when heated with cone, formic acid (cf. the conversion of di- 
hydromyreene into cyclo-dihydromyrcene, p. 200 ); see bisabolene, p. 324. 

(b) The Alcohols C 15 H 23 O contain three double bonds and are mixtures 
of the limonene and terpinolene forms. 

Farnesol, 

CH 3 CH 3 CHa 

CH 2 ==(!i—CH 2 —CH 2 —CH 2 —C=CH—CH 2 —CH 2 —C=CH—CH 2 OH 
{Limonene form) 
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CH, 


CH, CH, 

<l!=CH—CH.—CH,—i;= 


CH, 


{Terpinolcne form) 


b.p. 120®/0*2 mm.; d^® 0*886—0*896; tid 1*488—1*492, occurs in many strongly- 
scented essential oils, such as ambrette-seed oil, and particularly in the oils 
from flowers, e.g. from lime, cyclamen, etc. {Elze, C. 1928 II 499). In 
high dilution it has a scent like that of the lily of the valley. Farnesol is the 
geraniol of the sesquiterpene series; CrOg oxidises it to the aldehyde farnesal 
C 16 H 24 O, b.p. 173—174®/!4 mm., semicarhazone m.p. 136®. The corresponding 
acid, farncsenic acid Ci5H240a, b.p. 202—206®/16 mm., is obtained via the 
nitrile from farnesal oxime; dihydro-paeudo-ionone CisHjaO, is also formed 
by loss of two C-atoms {Kerschbaumy Ber. 46, 1735). Farnesyl bromide has 
been used for the synthesis of squalenc C 30 H 50 {Karrer and Helfenstein, 
Helv. 14, 78). Farnesol can be prepared from nerolidol (see below) by treat¬ 
ment with acetic anhydride and hydrolysis of the resulting acetate ( Ruzicka, 
Helv. 6 , 483); farnesene is also formed (see above). Farnesol gives a tri- 
ozonide which can be decomposed into acetone (from the terpinolene form), 
laevulinic aldehyde, glycollie aldehyde and formaldehyde (from the limonene 
form). Besides this structural (double-bond) isomerism, the occurrence of 
which IS also shown by the degradation products, cis-trans-isomerism is 
also possible; these facts explain the variations observed in the physical 
properties. Catalytic reduction of farnesyl acetate, followed by hydrolysis, 
yields hexahydro-faraesol, C 15 H 32 O, b.p. 151—152*6®/10 mm., which can be 
converted into hexahydro-fameayl bromide, C^gHjiBr, b.p. 150—154®/10 mm.; 
this has been used to build up the ketone 2:6:I0-trimetliyl-pentadecan- 
14-one, CigHjgO, b.p. 173*6—174®/10 mm., semicarhazone m.p. 66—67®, which is 
identical with the product obtained from phytol, C 20 H 40 O, (1,162) by oxidation 
with chromic acid or ozonolysis {Fischer and Lowenberg, Ann. 476, 183). 

Nerolidol, b.p. 97®/0*2 mm.; d^® 0*880; nj^> 1^480, [a]D + 12*48®; phenyl- 
urethane m.p. (active) 37®, is the linalool of the sesquiterpene series; it is 
found in balsam of Peru and in oil of neroli (oil of orange blossom), and 
has a strong, pleasant smell. Just as linalool gives citral, nerolidol gives 
farnesal on oxidation with Cr 03 ; heating with acetic anhydride yields 
farnesyl acetate and farnesene. The formula of nerolidol has been confirmed 
by synthesis (Ruzicka, Helv. 6 , 492): geranyl chloride is condensed with 
sodio-acctoacctic ester, and the product subjected to ketonic hydrolysis; the 
icsulting dihydro-pseudo-ionone is treated according to the following scheme; 


CH3—C-=CH—CHa—CHj—C=CH—CH2—CH2—CO 


diH, 


CH, 




djH, (I: 

Dihydropseudoionone 

CH 3 CH 3 

,—(!!=CH—CH,—CH,— 


CH—CH 
NaNH, 


deduction 


l(OH)—C=CH 


CH,—C=CH—CH,—CH,—C=CH—CH,—CH, 

Homogeranyl-ethinyl-methyl carbinol (Dehydro-d,i-nerolidol) 

CHa CH3 

,—<]==CH—CH,—CH,—(!!(0H)—CH===CH, 
d,?-Nerolidol 


CH 


CH 3 


CH—CHa—CHa- 


Since it has been synthesised from geraniol, which is a mixture of terpinolene 
and limonene forms, and since it is related to farnesol, nerolidol must also 
be a mixture of the two forms. As nerolidol can be converted into farnesol, 
this synthesis is also a synthesis of the latter. The cyclisation of farnesol 
and nerolidol gives bisabolol (p. 324). 


2. Monocyclic Sesquiterpenes. As stated on p. 322, the cyclic sesqui¬ 
terpenes can be divided into two groups, according as they yield or do not yield 

21* 
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the naphthalene derivatives, cadalene and eudalene (see below), when dehydro¬ 
genated with S or Se. Bisabolene and zingiberene belong to the “cadalene type”, 
while the synthetic cyclo-isoprene-myrcene and the alcohol elemol belong to 
the “eudalene type”. The curcumenes do not give naphthalene derivatives. 

(a) Hydrocarbons 0 , 51124 . — Bisabolene, limene, is after cadinene and 
caryophyllene, the most widely distributed sesquiterpene hydrocarbon which 
occurs naturally; it is present in Bisabol myrrh, oil of lime {Citrus 
oil of opopanax, bergamot oil, citronella oil, camphor oil, Siberian pine 
needle oil, etc. The natural hydrocarbon and that regenerated from the 
trihydrochloride, m.p. 79‘5®, can theoretically be a mixture of three isomers, 
a, p and y (see below), which differ in the position of one double bond; these 
three isomers give the same trihydroehloride, trihydrobromide, m.p. 84®, 
and hexahydro-derivative {Semmler and Rosenberg, Ber. 46, 769). With 
bromine, however, three hexabromides are obtained, m.ps. 154®, 142®, and 
132® {Asahina and Tsukamoto, J. Pharm. Soc. Japan 1926, No. 538, 97). Bi¬ 
sabolene regenerated from its trihydroehloride has b.p. 267®/757 mm.; 
d^® 0*8748; an dz 0; n^ 1*49063. When ozonised, it 3 deld 8 acetone, laevulinic 
acid and some succinic acid; the ozonisation of tetrahydro-bisabolene gives 
2-methylheptan-6-one and 4-methylcyclohexanone; from these fragments, 
which are also obtained from natural bisabolene, it follows that the )^-form 
is the chief constituent of these bisabolenes {Ruzicka and van Veen, Ann. 
468, 133). Exactly as linalool can be cyclised to a-terpineol (p. 223), 
nerolidol gives a monocyclic tertiary alcohol with two double bonds, bisabolol, 
which is converted by HCl into bisabolene trihydroehloride. This gives a 
synthetic bisabolene identical with natural bisabolene {Ruzicka and Capato, 
Helv. 8 , 259). For the synthesis of bisabolol from l-methyl-4-acetyl- 

-cyclohexene and 2-methyl-5-bromo-^2.pe,jl^p,^(.^ gee Ruzicka and Liguori, 
Hclv. 16, 3. The energetic treatment of nerolidol or bisabolene with cone, 
formic acid gives a bicyclic hydrocarbon, a hexahydrocadalene which readily 
yields cadalene on dehydrogenation: 


CH, 

C CH, 

/\/\ 

CHs CH CHj 

(IjH, CH, C CH, 

\ 

CH CH OH 




CH, CH, 


Nerolidol 


CH, 


OH 

CH, 


CH, CH CH, 

I i . 

CH, CH, C CH, 

\ 

CH CH 

II 

C 

dH,\lH, 

Bisabolol 


CH, 


i!: CH, 

CH3 



CH, C CH, 


CH, CH, C CH, 

\ 


CH CH 

CH 


G 

CH 3 CH 3 

y-Bisabolene 


CH 3 CH 


3 


Cadalene 


C C CH CH2 

^,\!H dn^iH CH,^CH \h^ 


CH CH, 
CH^IH ^JH, 


CH CH, 

CH^iH ^IH, 


CH, CH, COOH CH CH, C CH, CH CH C-CH.. 

\ \ \ X/" \/\/" 

COOH COOH CH CH CH CH 


/\ /\ 

/?-Bisa- a-Bisa- Tricarboxylic CH 3 CH 3 CHg CH 3 

bolene bolene acid (III) Zingiberene (I) Isozingiberene (II) 



HYDROCARBONS 


325 


Zingiberene (I), b.p. 1200/9 mm.; d*® 0-8684; nD 1-4966; [alD — 73038', 
occurs together with bisabolene in oil of ginger {Ruzicka and van Veen, 
Ann. 468, 143); nitrosochloride m.p. 97o. Catalytic hydrogenation gives a 
hexahydride C^gHso {Semmler and Becker, Ber. 46, 1814), while sodium and 
alcohol give only dihydro-zingiberene; from this it can be concluded that 
conjugated double bonds are present in the side-chain. This dihydro-zingi¬ 
berene is degraded by KMn 04 to a keto-dicarboxylic acid, CigHgoOg, which 
with NaOBr gives a tricarboxylic acid CiiHigOg (III); the formula of zingi- 
berene is based upon these results. The dihydrochloride CigHgeCIg, m.p. 1700, 
prepared from zingiberene and HCl, and the dihydrobromide, m.p. 176o, 
obtained in the same way, are derivatives of a bicyclic isomerisation product 
of zingiberene, isozingiberene (II), b.p. 120—123®/8 mm., d®° 0-9150, no 1-6034, 
[a]D — 41®. This hydrocarbon is obtained from the hydrogen halides by 
removal of HCl or HBr, and also by the action of acetic-sulphuric acids in 
the cold upon zingiberene itself. Catalytic hydrogenation shows that it 
contains only two double bonds, and dehydrogenation with sulphur gives 
cadalene. This isomerisation to isozingiberene is the cause of the formation 
of cadalene in the dehydrogenation of zingiberene itself {Ruzicka, Meyer 
and Mingazzini, Hclv. 6, 346). 

a- and /?-0urcumone are obtained from the oil present in the rhizomes 
of Curcuma aromatica', a-curcumene, b.p. 128—130®/9 mm., is very stable; 
its nitrol-benzylamine has m.p. 102—104®. )5-Curcumene, b.p. 128—130®/6 mm., 
on the other hand, undergoes isomeric change when heated; its trihydro¬ 
chloride has m.p. 84—86®. Both hydrocarbons are laevorotatory; they are 
monocyclic and contain three double bonds, and give no derivatives of 
naphthalene on dehydrogenation {Rao and Simonsen, J. 1928, 2496). 

Cyclo-lsoprene-myrccne, b.p. 242-244® {trihydrochloride m.p. 81®), ob¬ 
tained by heating together myrc(*no and isoprene {Semmler and Jonas, 
Ber. 47, 2079; Ruzicka and Bosch, Helv. 14, 1336), can be cyclised to bicyclo- 
isoprene-myreene, which, like cyclo-isoprene-myrccne, gives eudalcne (p. 328) 
on dehydrogenation. These hydrocarbons, therefore, contain the following 


carbon skeletons: 
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1 ii 

/\ 
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Cy do -isoprene - my rcene 


Bicydo-isoprene-rayreene 


\/^ 

1 




A 


in which the positions of the double bonds are not yet certain. For the 
natural occurrence of cyclo-isoprene-myrccne in curcuma oil, see Dicterle 
and Kaiser, C. 1932 II 3739. An isoamyl-a-dehydrophellandrene has been 
synthesised from carvone and isoamyl Mg iodide {Semmler, Jonas and 
Rocnisch, Ber. 60, 430). 

(b) Alcohols. — Zingiberol, CijHggO, b.p. 154—157®/14*6 mm., is contained 
with zingiberene in oil of ginger. With HCl and HBr it gives isozingiberene 
dihydrochloride and dihydrobromide respectively {Brooks, Am. 38, 430). 

Elemol, CigHgeO (I, p. 326), m.p. 61-62®, b.p. 144-146®/16 mm„ ji^enyl- 
urethane m.p. 112—113®, occurs in oil of Manila elerni, and contains a tertiary 
hydroxyl group. With Pt black it takes up 4 atoms of H, and hence contains 
two double bonds; one of these is present in a methylene group, which is 
8 j)lit off by oxidation; the product is a ketonic alcohol, Ci 4 H 240 a, which 
contains one double bond. The dehydration of elemol gives olcmcne, C 15 H 24 , 
b.p. 116—117®/10 mm., which is a mixture; dehydrogenation of this or of 
elemol with S gives a thionaphthene derivative, Ci 4 Hi 8 S, and eudalenc, 
whilst Se yields eudalene and an azulene (p. 330). This eudalcne and the 
S-containing substance are formed as a result of ring-closure during dehydro- 
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S enation, since the further degradation of elemol has shown that it is a 
erivative of cyclohexene {Ruzicka and van Veen, Ann. 476, 70). 

Foklenol, C^Hg^O, b.p. 126-126®/2 mm., obtained from the wood oil 
of Fokiena Hodginsii, is a tertiary monocyclic sesquiterpene alcohol like 
elemol, but it gives cadaleiie on dehydrogenation {GUckitch, C. 1930 II 2070). 

(c) Ketones. — Atlantone, CigHggO, from Atlas cedar oil, occurs in two 
forms, a- and y-, the degradation products of which show that they 
correspond to a- and y-bisabolene. If the CO group of atlantono is reduced 
by treating its semicarbazone with KOH, the resulting hydrocarbon gives 
bisabolene trihydrochloride on addition of HCl. When atlantone is boiled 
with alkali, acetone is lost (cf. the formation of acetone from pulegone, 
p. 236), and the following important degradation products are formed: 
acetyl-dipentene (IV), CigHigO, b.p. 125«6—126®/10 mm., semicarbazone m.p. 
162*6-163® (or, from the y-form, acetyl-terpinolene^ semicarbazone m.p. 
196—196*6®), and l-methyl-4-acetyl-/d^-cyclohexene, CgHi 40 (V), b.p. 
84®/10 mm. The 4-mothylcyclohexanone formed by the oxidation of the 
partially hydrogenated (a + y)-atlantone is derived from the y-form {Ffau 
and PLattner, Helv. 17, 129). The ketone turmerone, CjgHggO, which also 
contains three double bonds, is the odoriferous constituent of curcuma oil; 
it is very unstable and has not yet been obtained pure. It is converted very 
easily into a ketone CjgHgoO, ar-turmerone (VI), b.p. 169-1600/10 mm., 
[a]}? + 82*21®, semicarbazone m.p. 108—109®, a bright-yellow oil with an odour 
of spice; the ozonisation of this ketone yields acetone and curcumic acid 
(/?, p-tolyl-butryic acid), CH 3 .CeH 4 *CH(CH,).CHg‘COOH, m.p. 43® (Z^^pr, 
Clar, P/au and Plattner, Helv. 17, 372; Rwpe and Oassmann, Helv. 19, 
669). Fission of ar-turmerone with KOH yields curcumone and acetone. 
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^ Also contains some of the limonene form. 
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Perezone (I), CigHjoOg, m.p. 102—103®, [a^J] — 17«0® (in ether), is a bright 
yellow solid; it is obtained from the roots of the Mexican Trixis Pipitzahtiac 
{Compositae), and is the first naturally occurring quinone of the sesquiterpene 
series to be isolated. With aniline it gives the deep violet anilino- 
perezone, C 21 H 26 O 3 N, m.p. 135—136®, which is converted by acids into 
the red hydroxyperezone (II), C 15 H 20 O 4 , m.p. 129®. With cone, sulphuric 
acid the latter is cyclised to the yellow cadalene derivative, perezinone 
(HI), CigHigOg, m.p. 143—146®. Perezone has been degraded via di¬ 
hydro-perezone and hydroxy-dihydro-perezone to a,£-dimethylheptoic acid, 
( 0113 ) 2 *CH‘(CH 2 ) 8 *CH(CH 3 )*C 00 H, while the ozonisation of hydroxy¬ 
perezone gives a,/3-diketobutyric acid {Kogl and de Boer, Rec. 64, 779; cf. 
also p. 422). 
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3. Bicyclic Sosquiterpones. — These can be placed in two groups, 
according to their behaviour when dehydrogenated. 

1. Derivatives of hydrogenated naphthalenes; the hydrocarbon cadinene 
belongs to the cadalene type, while the cudalene type includes the hydro¬ 
carbon selincne, the alcohol eudesmol, the ketones eremophilone and 
a-cyperone, the lactones alanto- and isoalanto-lactone, and the ketonic lac¬ 
tones santonin and artemisin; 

2. Derivatives of other ring-systems, such as caryophyllene. 


(a) Hydrocarbons. — Cadinene, b.p. 136®/11 mm.; df 0-9189; 1-5079; 

[“15461— 125-2®, is found as both d- and /-forms in numerous essential 
oils, e.g. in Oleum cadinum (oil of cade), oil of cubebs, sandalwood oil, 
the oil of angostura bark, etc. With HCl it yields a dihydrochloride, 
m.p. 118®, which regenerates the hydrocarbon when warmed with aniline 
or sodium acetate. The dihydrobromide has m.p. 125®, and the dihydriodide 
m.p. 106®. Catalytic hydrogenation gives tetrahydro-cadinene, C 15 H 28 , 
b.p. 125—128®/10 mm. {Semmler -and Jonas, Ber. 47, 2068). Cadinene is 
formed by the dehydration of cadinol, a tertiary alcohol which occurs 
in galbanum oil {Ruzicka and Stoll, Helv. 7, 94). The structure of 
cadinene is indicated by the fundamental observation that a naphthalene 
hydrocarbon, CigH^g is formed when it is dehydrogenated with Pt black 
in vacuo, or with sulphur or selenium {Diels and Karstens, Ber. 60, 2323); 
this substituted naphthalene, cadalene, b.p. 158®/12 mm., dj® 0-9792, 
pkrate m.p. 116®, styphnate m.p. 138®, has been shown to be 1:6- 
dimethyl-4-isopropylnaphhalene by oxidative degradation and by synthesis 
{Ruzicka, Meyer and Mingazzini, Helv. 6 , 346; Ruzicka and Seidel, ib. 369). 
From these results and from the results of oxidation, the following 
two formulae must bo allotted to cadinene; both give the same dihydro¬ 
halides. Both natural and regenerated cadinene are mixtures of a- and 
^-cadinene. 
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Kiganene, C 15 H 24 , b.p. 108—114®/4-6 mm., is a hydrocarbon very similar 
to cadinene; it is obtained from Japanese cedar oil. With HCl it gives 
cadmene dihydrochloride, and dehydrogenation yields cadalene. The 
occurrence of acetone amongst its products of ozonisation shows the presence 
of an isopropylidene group {Kimura and Mizoshita, Mem. Coll. Sci. Kyoto 
Imp. Univ. A, 14, 273). See also isozingiberene, p. 326, and bicyclo-isoprene- 
myrcene, p. 325. 

Selinene, b.p. 122®/6 mm., d^® 0*9170, is obtained from celery oil. Pt 
and Hg give tetrahydroselinene, and HCl gives selinene dihydrochloride^ 
Ci 5 H 2 «Cl 2 , m.p. 72—74°. The hydrocarbon regenerated from this dihydro¬ 
chloride agrees well in its physical constants (with the exception of the 
rotation) with natural selinene, and can be reconverted into the dihydro¬ 
chloride; it behaves differently, however, when degraded with ozone or 
treated with bromine and alkali {Semmler and Risse, Ber. 46, 699), since 
one double bond occupies a different position in the regenerated substance. 
Natural selinene is degraded to a diketone, CigHgoOg, and then to a tri¬ 
carboxylic acid, C 9 Hi 5 (COOH) 3 ; the same acid is obtained from regenerated 
selinene, but via a diketo-carboxylic acid, Ci 4 H 2204 ; 
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The carbon skeleton is established by the conversion of both forms of selinene 
into eudalene by dehydrogenation with sulphur. Eudalcne, Cx 4H„, b.p. 
143712 mm., dj’ 0*9734, ptcraie m.p. 91°, styphnate m.p. 120° {Ruzicka and 
Seidel, Helv. 6, 369), is 1-methyl-7-isopropylnaphthalene, as shown by its 
synthesis from cuminaldehyde {Ruzicka and Stoll, Helv. 6, 923; Darzena 
and Livy, C. r. 194, 2066). Only 14 of the 16 C-atoms of selinene are fixed 
by the formation of eudalene; the methyl group split out asCHsSH in the 
sulphur dehydrogenation must be tertiary, and in order that the selinene 
molecule may be derived from three isoprene units this methyl group must 
be placed on C 5 : 
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Caryophyllene, b.p. 128—134®/16 mm., d*®c. 0‘9036, is the most widely 
distributed sesquiterpene in nature, with the exception of cadinenc; its 
chief sources are oil of cloves, oil of the buds of clove blossoms, copaiba oil 
and hop oil (humulene is a-caryophyllene) {Deussen, J. pr. 120, 133). It 
is a mixture of two isomeric hydrocarbons, which have not yet been obtained 
pure, but have been obtained in the form of derivatives. The optically 
inactive a-caryophyllene can be separated as nitrosate^ m.p. 162®, nitroso- 
chloride^ m.p. 177®, or nitrol-benzylamine, m.p. 128®; the optically active 
^-caryophyllene is known as its nitrosochloride, m.p. 159®, nitrol-henzylamine, 
m.p. 173®, nitroaite (blue needles), m.p. 116®, and dihydrochloride^ m.p. 70® 
{Semmler and Mayetf Ber. 48, 3463). Both caryophyllenes have the same 
carbon skeleton, since they yield the same tetrahydro-derivative when 
reduced with Hg and Pt {Semmler ami Mayer, Bor. 45, 1393). Caryophyllene 
gives no naphthalene derivative when dehydrogenated with S, and hence 
18 not a hydrogenated naphthalene derivative {RuzicJca, Stoll, Liebl and 
Pontalti, Hclv. 6, 863). Degradation with ozone shows that the main con¬ 
stituent of caryophyllene moat probably has the constitution (I) {Ramage 
and Simonsen, J. 1935, 632). A ketonic acid, CuHigOg {semicarbazone 
m.i). 180—187®) IS formed, together with a diketonic acid, C 14 H 22 O 4 (II), 
which is converted by bromine and alkali into the kctonic acid, C 14 H 20 O 3 . 
Further degradation products are the dicarboxylic acid, C 13 H 18 O 4 , m.p. 
148—149®, the ketonic dicarboxylic acid, C 12 H 18 O 5 , and caryophyllenic acid 
(Ilia or Illb), C 3 H 14 O 4 , m.p. (trans,d-form) 80—81®. From the latter 
the corresponding cis-acid, m.p. 78®, can be prepared; it has a small 
laevorotation {Ramage and Simonsen, J. 1988, 741); the trans-acid was 
first obtained by oxidising the acid products of ozonolysis with HNOj. 
Caryophyllenic acid was degraded via the a-bromo- and a-hydroxy-acids 
to norcaryophyllenic acid (IV, 3 : 3 -dimethylcyclobutane-l: 2 -dicarbox 5 dic 
acid), C 8 H 12 O 4 (trans-form m.p. 126®, cis-form m.p. 149—160®); this w'as 
converted to dehydro-norcaryophyllenic acid (3:3-dimethyl-.di-cyclobutene- 
1:2-dicarboxylic acid) (V), CgHio 04 , m.p. 193®, w'hich was oxidised to 
asymmetrical dimethylsuccinic ax;id (VI), C 3 H 10 O 4 , m.p. 139—140®. Norcaryo¬ 
phyllenic acid has been synthesised from aa'-dibrom-^/l-dimethyladipic 
ester by ring closure with NaCN, hydrolysis and decarboxylation of 
the product, and converted into the dehydro-acid (V) {Rydon, J. 1936 
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Other caryophyllenes can be prepared by isomeric change from the 
natural hydrocarbon; an alcoholic solution of /J-caryophyllene nitrosite 
gives on heating a hydrocarbon known as y-caryophyllene, which is con¬ 
verted by HCl into the dihydrochloride of )5-caryophylleno (Deussett, J. pr. 
117, 273). Treatment of a mixture of a- and ^-caryophyllenes with acetic 
and sulphuric acids leads to hydration and cyclisation, with the formation 
of optically active fi-tsocaryophyllene alcohol^ m.p. 96®, which contains a 
tertiary OH group; dehydration of this gives clovene (p. 336), a tricyclic 
hydrocarbon isomeric with caryophyllene. 

^-Santalene occurs in the first runnings of East Indian sandalwood oil; 
see p. 333. 

A series of hydrocarbons of the formula CijHig, deep-blue or violet in 
colour and known as the azulenes, appear to be closely related to the ses¬ 
quiterpenes; their constitution is not yet fully explained. They are pro¬ 
bably derivatives of bicyclo-[0;3:6]-decane, and contain 6 conjugated double 
bonds {Pfau and Plattnery Helv. 19, 868). They are present in essential 
oils (in yarrow and camomile oils) and in lignite tar, and can be obtained 
by the dehydrogenation of guaiol or elemol with S or Se, and of kessyl 
alcohol with jialladised charcoal and Haagen-Smit, Helv. 14, 1104; 

see also Melville, Am. 55, 3288). 

A large number of azulenes have been reported, but it appears that there 
are only four or five isomeric and distinct compounds. The separation is 
best carried out by fractional crystallisation of the picrates, or better, the 
more stable complexes with trinitrobenzene or trinitrotoluene. The following 
appear to be the chief compounds; 

S-Guaiacazulene, m.p. 31*6 {BirreU, Am. 56, 1248), picrate m.p. 
122*6 , which occurs in geranium oil and can be obtained by S-dehydro- 
genation of the oils from guaiacum wood, etc. 

Camazulene, m.p. 132® {WiUstddt, Ber. 69, 999), from camomile oil, 
lactarazulene, a violet liquid isolated from the fungus Lactarius deliciosus, 
and vetivazulene, by the action of S on vetiver oil, resemble S-guaiacazulene 
in properties. 

Elemazulene, a violet oil, picrate m.p. 110®, is obtained from elemol, a 
crystalline sesquiterpene alcohol mentioned above (p. 326), and from elemene 
with Se. 

Se-Guaiacazulene, from the action of Se on guaiacum wood oil, has been 
shown to be a mixture from which S-guaiacazulene can be isolated. 
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For a review of the position of the azulcne problem and for references, 
see R. D. Haworth, Ann. Rep. Chem. Soc. 84 (1937), 393. 


(b) Alcohols. — Eudesmol, m.p. 84®, b.p. 166®/10 mm., is found 

in various eucalyptus oils, in the oil of a New Caledonian species of 
Araucaria, in Japanese machilus oil, in Japanese cedar root oil, etc. 
Eudesmol is a mixture of a- and /3-compounds, the proportions of which 
vary according to the source; these correspond to a- and /3-selinene; the 
m.p. and rotation are not much influenced by the relative quantities of 
a- and /3-forms present. 
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Dehydration gives selinenc {Ruzicka, Koolhaas and Wind, Helv. 14, 1178), 
and dehydrogenation with sulphur yields eudalene (p. 328). 

Guaiol, CigHgeO, m.p. 91°, b.p. 288°, is present in guaiacum wood oil 
{Ruzicka, Pontalti and Balas, Helv. 6, 866; Ruzicka and Haagen-Smit, Helv. 
14, 1122). It can be reduced to dihydroguaiol, CigHgsO, m.p. 79—80°. Formic 
acid yields guaiene Ci 5 Ha 4 , which has two reducible double bonds. Dehydro¬ 
genation of guaiol with S and with Se gives azulenes (see above). It is 
oxidised by KMn 04 to a dihydroxy-oxide, CisHjeOg, m.p. 218°, which is 
converted by loss of 2 H 2 O into an oxide, C 16 H 22 O, b.p. 140—141°/16 mm. 

Kessy] alcohol, Ci5H2e02, ni.p. 86 °; its acetate, m.p. 61°, is the characteristic 
constituent of Japanese valerian or kosso root oil. It is a bicyclic, saturated 
secondary alcohol containing an oxide ring. Dehydrogenation leads to a 
deep-blue azulene {kessazulene) and to desoxykessylene C 15 H 22 {Asahina and 
Nakanishi, J. Pharm. Soc. Japan 62 (1932), 1). Oxidation of kessyl alcohol 
gives kessyl ketone, Ci6H240a, m.p. 106°, which is reduced by sodium and 
alcohol to isokessyl alcohol, CigHjeOj, m.p. 118—J19°. Several isomeric kessyl 
alcohols have been prepared, either by direct rearrangement of kessyl alcohol, 
or from isomeric kessyl ketones; they owe their formation to the ease of 
rearrangement of the following grouping: 

—CH 2 ‘CH( 0 H)-CH< (♦centre of asymmetry) 


(c) Ketones. — Ercmophilone, C 15 H 22 O (I), m.p. 42-43®, b.p. 171°/16 mm., 
d|{ 0*9994, [a]i) — 171*6°, semicarbazone m.p. 202—203°, is obtained from 
the wood oil of Eremophila Mitchellii, It contains two double bonds and 
also the group —CO-CHa—, since it gives a hydroxymethylene compound. 
Na and alcohol reduce it to dihydroeremophilol, CigHaeO, b.p. 168—170°/14mm., 
which gives eudalene when dehydrogenated with Se; this shows that ere- 
mophilone belongs to the eudalene type. Cautious oxidation of eremophilone 
with alkaline HaOg gives eremophilone oxide, from which hydroxy-eremophi- 
lone, CigHaaOg (II), m.p. 66—67° {benzoate m.p. 119—120°) is obtained; the 
latter accompanies eremophilone in the wood oil. Another compound also 
present is the hydroxy-ketone, hydroxy-dihydro-eremophilone (HI), Ci 5 Ha 402 , 
m.p. 102—103°, 2i4-dinitrophenylhydrazone m.p. 239—241°, diacetate of the 
enol-form m.p. 69—70°; this can be reduced to tetrahydro-eremophilone, and 
dehydrogenated to eudalene. The structures of these compounds are not 
known with certainly. 
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The constitution of the side-chain has been deduced from the presence of 
HCHO or (CH 3 ) 2 CO in the ozonolysis products ( Bradfield^ Penfold and Simonsen, 
J. 1932, 2744; idem^ Proc. Roy. Soc. New South Wales 36, 420). The ketone 
zicrone, CigHgaO, b.p. 147—149®/] 8 mm., semicarhazone m.p. 182®, obtained 
from the oil of Zieria mcuirophylla^ is isomeric with eremophilone, but is 
tricyclic and hence contains only one double bond {Bradfieldy Penfold and 
Simonseny Proc. Royal Soc. N. S. W. 67, 200). 

a-Cyperone, C 15 H 22 O, b.p. 177®/20 mm., semicarhazone m.p. 216®, oxime 
m.p. 160‘5®, is contained in the oil from Cyperus rotundas; hydrogenation 
yields diJiydro-cn-cyperoly which is dehydrogenated by Se to eudalenc* {Bradfield, 
HedgCy Jiao and StmonseUy J. 1936, 667). This ketone probably has the 
structure (I) {Bradfieldy Pritchard and Simonseriy J. 1937, 760). It is 
converted into ^-cyperone (probably a stereoisomer) by long treatment 
with oxalic or phthalic acid. 
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(d) Lactones. — Alantolactone, CigHgoOg, m.p. 71®, and isoalantolactone, 
m.p. 116®, dihydro-isoalantolactono, CigHagOg, m.p. 168®, and the ketonic 
lactone santonin, CigHigOg, m.p. 170®, have the carbon skeleton of the eudesmol 
group of sesquiterpenes. They are dealt with under natural products, 
p. 486. 

4 . Tricyclic Sesquiterpenes. — (a) Hydrocarbons. Copaene, CisH,! 
(1), b.p. ]20»/10 mm., d“ 0-9077, no 1-4894, [a]D —13-21», is found in African 
oil of copaiba {Semmler and Stenzel, Ber. 47, 2566) and in oil of supa 
{Hendersony M^Nab and Bobertson, J. 1926, 3077). It has the carbon 
skeleton of cadinene, but differs from it in that the ring with only one 
side-chain is bridged to form a three-membered ring instead of containing 
a double bond. HCl gives cadinene dihydrochloride, and dehydrogenation 
with S yields cadalene. Oxidation with KMn 04 or with Oj gives ketocopaenic 
acid, C15H24O3 (II) {semicarhazone m.p. 221®), which is degraded by hypo- 
bromite to copaene-dicarboxylic acid, C12H18O4 (III) {dimethyl ester b.p. 
178—182®/17 mm.); 
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a-Santalene, Ci 5 Ha 4 , b.p. 118—120®/9 mm., d^® 0*8984, hd 1*491, and 
^-santalene^ C 15 H 24 , b.p. 125—127®/9 mm., d®® 0*892, no 1*4932, are contained 
in the first runnings of sandalwood oil; the former is a tricyclic sesquiter¬ 
pene, and the latter bicyclic. a-Santalene (I) {nitrosocMoride m.p. 122®) 
gives on ozonolysis the aldehyde tricyclo-eksantelal, CiaHjgO, b.p. 110 ®/ 
9 mm., which can be oxidised to tricyclo-eksantalic acid, (11), 

m.p. 69®; further degradation gives the tricyclic nor-cksantallc acid (III), 
CiiHijOa, m.p. 93®, and then teresantallc acid (IV) (see p. 275) {Semmler 
Ber. 48, 1893; Ruzicka and Liehl, Helv. 9, 140). /?-Santalene forms two 
mtrosochlondes, m.ps. 152® and 106®; it has a double bond in place of the 
three-membered ring, and is perhaps related to a-santalene as camphene 
is to tricyclene {Ruzicka and Thomann^ Helv. 18, 365). 
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Cedrene, C 15 H 24 , b.p. 124®/12 mm., occurs in the cedar wood oil of 
Juniperus virginiana and in the oil from Dacrydium elatum; cedrol, 
C 15 H 23 O, is also present and can be dehydrated to cedrene {Rahakt C. 
1929 I 2710). Cedrene gives a very characteristic glycol^ CigHaeOa, m.p. 
168®, with KMn 04 , and this serves for its identification. (3edrene adds 
two atoms of Br, but does not give a naphthalene derivative when 
dehydrogenated with S (Deussen, J. pr. 117, 290; Ruzicka and van Melaen, 
Ann. 471, 40; Blumann and Schulz. Ber. 64, 1640). The following formulae 
show the more important degradations of cedrene {Ruzicka and Jutassyy 
Helv. 19, 322). 
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kctonic acid acid C 13 H 20 O 4 m.p. 209® acid C 10 H 13 O 4 

^^ 14 ^ 22^3 (dimethyl ester 

m.p. 113—114® b.p. 166®/12mm.) 

Longifolene, Ci 6 H 24 , b.p. 266®/706 mm., dfg 0.9284, n^ 1.496, [a]D + 42.73®, 
is found in the turpentine oil from Pinus longifolia: hydrochloride m.p. 60® 
{Simonsen, J. 123, 2642), hydrobromide m.p. 69-70®, hydriodide m.p. 71®. It is 
tricyclic and contains one double bond. The various degradations carried out 
upon it can be shown as follows {Bradfieldy Francis and Simonseuy J. 1934,188): 
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The vinyl side-chain is an interesting feature (cf. sclareol and pimaric acid). 
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Olovene is obtained by the action of acids upon caryophyllene; it is oxidised 
by CrOg to cloyenic acid, C 15 H 24 O 4 , m.p. 182®, anhydride ra.p. 60~51® (Haar- 
mann, Ber. 42, 1062; Bell and Henderson^ J. 1980, 1971; Buzicka and 
Oibson, Helv. 14, 670). 

Ourjunene is obtained from gurjun balsam {Semmler and Jakuhowitz^ 
Ber. 47, 2252; Treibs, Ber. 68, 1751; Buzicka, Pontalti and Balas, Helv. 
6, 866). For vetlvone, see Buzicka, Capato and Uuyser, Rec. 47, 370. 


(b) Alcohols. — Santalol, CijjHg 40 , is the main constituent of East Indian 
sandalwood oil (from Santalum album) and of Australian sandalwood oil 
(from Santalum spicatum) {Swallow, J. Amer. Pharm. Assoc. 18, 683). It 
is a mixture of two unsaturated primary alcohols, the tricyclic a-santalol (I), 
b.p. 166—167®/14 mm., d|f 0*9770, nj> 1*5017, allophanate m.p. 162—163® 
{Bradfield, Penfold and Simonsen, J. 1935, 309), and the bicyclic /^-santalol 
(IV), b.p. 177-178®/17 mm., d|f 0*9717, n^J 1*5100, allophanate m.p. 159-160®. 
Oxidation of a-santalol yields the same degradation products as those ob¬ 
tained from a-santalene. Acids convert a-santalol and its derivatives into 
bicyclic compounds {Semmler, Ber. 48, 1893). a- and ^-Santalol can be 
converted into the same tetrahydro-santalylacetic acid (III) {p-brotnphenacyl 
ester, ra.p. 62—63®) in the following way. a-Santalol is converted into its 
chloride and condensed with sodio-malonic ester to yield the acid (II), which 
is hydrogenated and decarboxylated; addition of bromine opens the three- 
membered ring to give a dibromo-acid, which is reduced with Na and alcohol 
to (III). jS-Santalol is converted into its chloride and condensed with sodio- 
malonic ester to give the acid (V), which is hydrogenated and decarboxylated 
to yield the acid (III). These reactions show clearly the relationship between 
a- and /J-santalol {Bradfield, Penfold and Simonsen, 1. c.): 
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Santalol is used therapeutically in the treatment of gonorrhoea; ^'gonoroV* 
is a trade name for santalol, and many of its esters and ethers are likewise 
used, e.g. *^santyV\ the salicylic ester, ‘‘*blenaV\ the carbonate, "^camphoraV\ 
the camphoric ester, ^*’camphosan'\ the camphoric methyl ester, stearosan*^, 
the stearic ester, ^"aUo8an'\ the allophanate, ^Hhyre8oV\ the methyl ether, 
'‘'’gonosan'\ 80% santalol and 20% Kawa resin (cf. p. 434), etc, 

Cedrol, Ci 6 H 26 C>, m.p. 86°, phenylurethane m.p. 107°, is found in cedar- 
wood oil (see p. 333), m cypress oil from Cupressus sempervirens L., and 
in several other oils; it is dehydrated to ccdrcne {Semmler and Spornitz, 
Ber. 46, 1563). Cedrenol, C 15 H 24 O, b.p. 166—169®/9-6 mm., obtained from 
cedar-wood oil, is a primary alcohol which can converted via its chloride 
into cedrene; it is related to cedrene as myrtenol is to a-pinene {Semmlar 
and Mayer, Ber. 46, 786). 

Ledol, Ledum camphor, CigHjeO, m.p. 105®, is a tertiary alcohol, which 
appears to be a carane compound of the sesquiterpene series {Komppa, C. 
1933 n 3121). It can be dehydrated to ledene C 15 H 24 , which gives cadalene 
and an azulenc when dehydrogenated with Sc. 
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Patchouli alcohol, CigHgeO, m.p. 56®, is a tricyclic tertiary alcohol, which 
separates in crystals from patchouli oil {Wallach, Ann. 279, 394; Oadamer 
and Amenomiya, Arch, Pharm. 241 (1903), 39; Wienhaus, Ber. 47, 330). 

Sesqulcamphonol^ CigHgeO, b.p. 169—162®/7 mm., from oil of camphor, is 
a mixture of primary, secondary and tertiary alcohols with different carbon 
skeletons {Ruzicka and Stoll, Helv. 7, 260). 

Bulnesol, CjgHaeO, m.p. 69—70®, is a constituent of guaiacum wood oil 
{Wienhaua and Scholz, Sch. & Co. Bericht (Jubil.-Ausg.) 1929, 267). 

Betulol, C 16 H 24 O, is a constituent of the oil from the leaf buds of Betula 
alba L. {v. Soden and Elze, Ber. 98, 1636); it is also present in the oil from 
birch buds {Treibs, Ber. 69, 41). 


The diterpones, CgoHgg, and the polyterpenes, (CgHg)^, arc yellow 
viscous oils boiling above 300®; they are scarcely volatile with steam 
and hence are seldom met with in essential oils. They are present 
in many balsams and resins. Their characterisation is made difficult 
by the fact that they do not readily form crystalline addition pro¬ 
ducts. While the sesquiterpenes appear to be built up from a regular 
arrangement of isoprene units, an irregular arrangement seems to be 
more general in the diterpenes (Ruzicka, Goldberg, Huyser and Seidel, 
Helv. 14,545). Some of these higher terpenes have been dehydrogenated 
to aromatic substances, e.g. to retene and pimanthrene; from some 
pentacyclic triterpenes 1:8-dimethyl-picene has been obtained and 
also various substituted naphthalenes and 1:2:3:4-tetramethyl- 
benzene (Ruzicka, Hoffmann and Schellenberg, Helv. 19, 1391). 

For a review of work in the triterpene group, see R. D. Haworth, Ann. 
Rep. Chem. Soc. 34 (1937), 327. 

a-Camphorone^ C 20 H 32 , b.p. 178®/6 mm., d^® 0*8870, nn 1*60339, has been 
isolated from oil of camphor. It is monocyclic and contains 4 double bonds; 
its tetra-hydrochloride, CaoHjaOh, has m.p. 129—131®, and the original hydro- 
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carbon can be regenerated from it. Catalytic hydrogenation gives an octa- 
hydride, C 20 H 40 . a-Camphorene, accompanied by y-camphorene {tetra-hydro- 
chloride m.p. 96—98®), can be synthesised from m 3 rrcene and linalool {SemmUr 
and Jonas, Ber. 47, 2077; Kafaku, Oyamada and Nishi, Bull. Chera. Soc. 
Japan 8 (1934), 144). For its constitution see Ruzicka and Stoll, Helv. 7, 
271; Ruzicka and Bosch, Helv. 14, 1336. 

The following are well characterised, but their constitution is not yet 
known: a-cryptomerene, C 20 H 32 , m.p. 61®, b.p. 346®, from the oil from the 
leaves of Cryptomeria japonica {Uchida, Am. 38, 687), and dacrcne, C 20 H 32 , 
m.p. 91®, from the oil of the leaves of Dacrydium hiforme {Ooudie, Chem. and 
Ind. 42, 367 T). Boiling with formic acid converts dacrene into isodacrene, 
m.p. 107® (Blackie, Chem. and Ind. 49, 26 T). Isodacrene is obtained in a 
similar way from rimuene, C 20 H 32 , m.p. 66 ®, the diterpene from Dacrydium 
cupressinum; hydrochloride, C 20 H 33 CI, m.p. 63®. Dehydrogenation yields 
isoretene C 13 H 13 , m.p. 86—87® {picrate m.p. 127®), a phenanthrene derivative 
in which the position of the side-chains is unknown {Beath, Chem. and Ind. 
63, 338 T). Kaurene and mirene, both C 20 H 32 , are tetracyclic and contain 
one double bond; dehydrogenation with S gives piraanthrcno (p. 348) {Hos- 
king, Kec. 49, 1036). 

a- and /?-Podocarprene, C 20 H 32 , have m.p. 60® and b.p. 188—190®/9 mm. 
respectively {Nishtda and Uota, C. 1932 I 2028). 

Josene, C 20 H 34 , m.p. 74®, which occurs in Austrian lignite as the organic 
mineral “Aarfi^e”, is closely related to fichtelite and abietic acid, since de¬ 
hydrogenation with Se gives retene {Soltys, Mo. 63/54, 185). 

Phytol, C 20 H 40 O; see I 152. 

l-(^-Cyclogeranyl)-goraniol, C 20 H 34 O, has been obta^ied synthetically 
{Ruzicka and Fischer, Helv. 17, 633). 

Hclareol, C 20 H 33 O 2 , m.p. lOii®, is a bicyclic dihydroxy deri-ative of a diter- 
peno with a vinyl group, and contains only one double bold {Ruzicka and 
Javot, Helv. 14, 645). Dehydrogenation with S gives, amol gst other pro¬ 
ducts, 1 : 2 :5-trimethylnaphthalene, as in the case of tetraoyclosqualene. 
Oxidation yields sclareoUc acid, C 19 H 24 O 4 , m.p. 163—156®. 

Manool, C 20 H 34 O, m.p. 66 ®, gives with HCl the same trihydrochloride, 
C 20 H 35 CI 3 , m.p. 119®, as that obtained from sclareol {Hosking, Ber. 69, 780); 
it is related to sclareol as a-terpineol is to terpin hydrate. 

Squalcne (I), C 30 H 50 , b.p. 254®/5 mm., dj® 0-8587, nJJ 1-4965, occurs in 
the liver-oils of fishes {Tsujimoto and Kimura, J. Soc. Chem. Ind. Japan 
30, 341). Its structure is symmetrical, and is made up of an irregular arrange¬ 
ment of six isoprene residues, as is shown by its synthesis from two molecules 
of farnesyl bromide (II) and magnesium {Karrer and Helfenstein, Helv. 14, 78): 
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It forms two distinct hexahydrochlorides: m.p. 146® (insoluble in acetone), 
and m.p. 110® (soluble in acetone) (Heilbron et al. J. 1920^ 1630). In 
presence of acids it undergoes isomeric change to tetracyclosqualene (III), 
the dehydrogenation of which yields 1 : 2 : 6 -trimethylnaphthalene {agathalenef 
Ruzicka and Ehmanriy Helv. 15, 140). 

a-Amyrln, m.p. 184®, and ^-amyrin^ m.p. 194°, are two triterpene alcohols, 
which are obtained together with elemol and elemolic acid from 
Manila elemi resin. a-Amyrin benzoate 194—196°, P-amyrin benzoate 

m.p. 230—231®. Both amyrins can be oxidised with CrOj to ketones, CgoH 480 : 
a-amyrone, m.p. 125—126® (semicarbazone m.p. 206—206°), and /^-amyrone^ 
m.p. 177—178° (semicarbazone m.p. 244—245°). Both amyrins contain one 
double bond, which is not reactive in a-arayrin, but reactive in ji3-amyrin. 
The following substances have been isolated from the Se dehydrogenation: 
(a) l:2:7-trimethylnaphthalene, sapototewc, CigHi 4 , b.p. 143°/13 mm. {'picrate 
m.p. 129°) (synthesis: /Zttztcljaand^Amann, Helv.16,140; SpdthemdHromatka, 
Mo. 60, 117); (b) 1:2:6: 6 -tetramethyl-naphthalene, m.p. 116° (pierage m.p. 
166—167°); (c) 1: 8 -dimethyl-picene, m.p. 304—305°; (d) hydroxy-sapotalene 
C 13 H 14 O, m.p. 166—167° (benzoate m.p. 186°). Ozonolysis of a-amyrin gives 
the ketone a-amyranone^ € 2711420 , m.p. 94-96°, by loss of an isopropyl 
group (Dieterle and Salomon, 0. 1933 I 3463). For hydrocarbons from the 
amyrins see Winterstein and Stein, Ann. 602, 223. Lupeol^ C 3 QH 50 O, m.p. 
212—213®, isolated from lupin seeds, is an unsaturated alcohol with one 
double bond. CrOg gives a ketone luponc, C 27 H 42 O, m.p. 170® (cf. the 
formation of amyranone from amyrin) (Jheterle and Salomon, C. 1933 I 
1297). Betulin, C30H50O2, m.p. 261°, occurs in the bark of the birch; on 
dehydrogenation ‘t gives several products which include 1:2:3:4-tetramethyl- 
benzene, sapotalene (see above), l: 2 ;&: 6 -tetraniethylnaphthalene, 1 : 8 - 
dimethyl-picene, and a picene CjsHjo, m.p. 324° (Ruzicka, Brungger, Egliy 
Ehmann and Goldberg, Helv. 15, 1496; Ruzicka, Frame, Leicester, Liguori 
and Briingger, Helv. 17, 426; Ruzicka and Isler, Helv. 19, 606). 

Rubber^, a very important raw material in many branches 

of industry, is found in the milky sap (latex) of numerous tropical 
plants. 

The following yield rubber: Eupkorbiaceae (Hevea brasiliensis, Manihot 
Glaziovii), Apocynaceae, Moraceae (Castilloa elastica) etc., and also various 
species of Liana (Africa) and of Ficus (Ficus elastica, India). The greater part 
of the rubber of commerce to-day is obtained from plantations, in particular 
from cultivated Hevea brasiliensis. It is the rubber from this plant that has 
been most investigated. For guaiula-rubber trom the Composita Parthenium 
argentatum, see Lloyd, Plant Physiol. 7, 131; U.S.A. Pat. 1,918,671 (1928). 

The technical preparation of rubber. — The milky sap obtained 
from the plants by slitting the bark contains, besides suspended 
particles of rubber, a whole series of other substances such as sugars, 
proteins, resins and inorganic salts; these are partly in colloidal 
solution and can be completely separated from the rubber only 
with great difficulty. The rubber is separated from the sap by 
coagulation, either by subjecting it in thin layers on wood to the 
smoke of resinous plants (the Brazilian method), by drying thin 
layers of latex in the air, or by precipitation, e.g. with acids, such 
as formic or acetic acid (the method used in Asia). Latex itself 
is put on the market, either in its original form with the addition 
of a little ammonia, etc., to prevent coagulation, or reduced to 

1 See, “The Chemistry and Technology of Rubber”, ed. C, C. Davis and 
J, T. Blake, American Chem. Soc. Monographs. H. Barron, “Modern Rubber 
Chemistry”, Hutchinson, London 1937. 
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the form of paste by a special process which involves the addition 
of a protective colloid; this paste can be converted by addition of 
water into a latex of any desired concentration, and is called 
“revertex”, i.e. reversible latex {Haus&r^ Kautschuk 1927, 17). 

The coagulated rubber is then macerated, and worked by rolling 
until it becomes plastic, and in this state it can be mixed with fillers 
(soot, etc.), pigments, sulphur, etc. During this process it loses 
some of its elasticity, but this is recovered during vulcanisation: the 
molecular size becomes smaller during the maceration, but is in¬ 
creased again by the vulcanisation. To give the rubber greater 
elasticity and tensile strength, and to make it more resistant to air 
and light, it is treated with sulphur, either in the cold by immersion 
in S 2 Cl 2 -solutions (cold vulcanisation) or at 110—145® with elementary 
sulphur (hot vulcanisation). The chemical effect of vulcanisation 
consists of an enlargement of the molecule, either by the linking 
together of two or more molecules of rubber by means of sulphur 
atoms (cf. the formation of )S)3'-dichloro-diethyl sulphide from ethylene 
and S 2 CI 2 ; see also Meyer and Mark, Ber. 61, 1948), or by the conden¬ 
sation of two or more molecules of rubber as a result of activation 
of the double bonds. The latter type of enlargement of the molecule 
is also caused by the action of Light, and can be accelerated by the use 
of catalysts (Pummerer and KeMen, Ber. 66, 1107; Brit. Pat. 389,637 
(3 932); U.S.A. Pat. 1,906,314 (1931)). In the same way the molecular 
enlargement in vulcanisation can be carried out more quickly and 
at a lower temperat\ire in the presence of certain substances which 
are called accelerators; the chief substances used for this purpose 
are bases of different types, e.g. hexamine, (cf. Oenslager, Chem. and 
Ind. 62, 91), guanidine derivatives (diphenyl-guanidine), and sulphur- 
containing compounds, e.g. 2-niercapto-benzthiazole, mercapto- 
benzthiazole-disulphide (Seide and Petrov, C. 1936 I 203). In the 
course of time rubber loses its elasticity (“perishes”); this is largely 
due to oxidation, and hence protective substances (anti-oxidants, 
cf. also Bovdy, Ber. 66, 1611; Dufraisse and Drisch, C. 1931 li 3278) 
are added, chiefly amino-compounds which have been found ex¬ 
perimentally to fulfil this function. The soft rubber obtained by the 
addition of small quantities of sulphur has many uses for the pre¬ 
paration of tubing, tyres, sheet-rubber, waterproof-material, driving 
belts, flooring, etc. 

(vulcanised latex) is a suspension of vulcanised rubber particles 
in unchanged serum (Brit, Pat. 266,418 [1926]; Schidrowitz, Kautschuk 
1927, 202). EevuUex"^ is the vulcanised product corresponding to revertex. 

If the sulphur treatment of rubber is taken so far that approxim¬ 
ately one atom of S is taken up by each CgHg-group, hard rubber is 
obtained, an insoluble, inelastic, very resistant mass, which has 
found many uses because of its insensitivity to acids and the ease 
of its preparation. In hard rubber there are probably three- 
dimensional macro-molecules formed by the condensation of rubber 
molecules in all three directions, with or without the aid of S-atoms 
(see, e.g., Staudinger and Joseph^ Ber. 63, 2890). The regeneration 
of old rubber is an important technical problem. 

Rubber which is to be used for scientific investigation must be 
most carefully purified from the inorganic salts and nitrogenous 

22* 
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substances which cling tenaciously to it, and must be protected 
from the action of air and light. By treatment with ether, rubber 
can be separated into an easily soluble part (sol-rubber) and an 
almost insoluble part (gel-rubber), which show no chemical differences 
(Pummerer, Andrieasen and Oundel, Ber. 61, 1583); their formation, 
however, shows that rubber is not a single chemical substance, but 
a mixture of hydrocarbons of high molecular weight, which differ 
from each other by multiples of C^Hg, i.e. are 'polymeric homologues. 

Rubber is amorphous, but gives an X-ray diagram when it is 
stretched; this vanishes again when the rubber contracts (Katz, 
Nature 13, 710) (see also p. 343). The same X-ray diagram is also 
shown by rubber that has been “frozen” for a long time at a low 
temperature (Katz, Z. angew, Chem. 38, 439). Both these results 
indicate that rubber can become crystalline (van Rossem and Lo- 
tichius, C. 1929 I 1517). The first isolation of crystals of rubber was 
achieved by cooling an ethereal solution of sol-rubber to — 60®: 
m.p. 9*5—11® (Smith, Saylor and Wing, Bureau Standards J. Res. 
10, 479). 

The distillation of rubber at temperatures above 300® causes 
decomposition and numerous hydrocarbons are formed. In the low- 
boiling portion there are found isoprene (I, 116), in quantities up 
to 22*7% (Bassett and Williams, J. 1932, 2324), and trimethyl- 
ethylene (Ipatiev and Wittorf, J. pr. 55, 2). Dipentene is found in 
the higher fractions (Wallach, Ann. 227, 293), but it is not a primary 
decomposition product of rubber and is formed by the polymerisation 
of isoprene (s<3e also p. 345); the same is true for the higher hydro¬ 
carbons Ci 5 H 24 » CJ 2 oH 32 » ^^ 25 ^ 4 o» which are cyclic (Stavdinger 
and Fritschi, Helv. 5, 785). The residue is a brittle resin, cyclo- 
rubber, a learrangement product of rubber, which is also obtained 
without any low-boiling decomposition products by heating rubber 
to 250®; in this cyclo-rubber only one double bond can be found 
per five C^Hg-groups, and hence four C-jHg-groups have been cyclised 
(Stavdinger and Widmer, Helv. 9, 545) (see also cydo-rubber from 
the hydrochloride). Cyclo-rubber decomposes only above 350®; 
cyclic compounds are formed, but no dipentene can be found among 
them. 

In the presence of aluminium chloride the thermal decomposition of 
rubber takes place at a lower temperature; cyclic products are formed, 
but no isoprene (Zelinsky and Koslov, Ann. 497, 160). The distillation 
of rubber at 700° gives also aromatic hydrocarbons (Midgley' jun. and 
Henne, Am. 51, 1215). 

When rubber is treated with ethylenic reagents^ one double bond 
can be detected for each CgHg-group; an example is iodine chloride, 
which can be used for the quantitative estimation of the double 
bonds (Pummerer and Stark, Ber. 67, 292). With bromine, rubber 
forms a white insoluble substance, rubber dibromide (CgHgBrg)!, which 
loses HBr on heating (Weber, Ber. 33, 786), and has been used 
for the synthesis of hydroxyphenyl-derivatives of rubber (Oeiger, 
Helv. 10, 530, 539). The corresponding dichloride is not obtained 
by the action of chlorine, since HCl is split off at once and sub¬ 
stitution takes place. A derivative of rubber obtained by the 
energetic action of chlorine, perhaps containing some (C 5 HgCl 4 )x, 
has technical uses (''tomesite*', Fol and Bijl, Chem. Weekblad 29,162; 
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Rinse, ih, 521; Rosendahl, Ch. Ztg. 59, 729; see also chlorinated 
rubber, Kirchhof, C. 19321 1838; Karstens, C. 19331 3012; French 
Pat. 41,880 [1932], addition to French Pat. 725,700; French Pat. 
785,257 [1935]). 

The action of hydrogen halides gives rubber hydrohalidea of the approximate 
constitution (CgHg'HHal)* {Weber, Ber. 33, 779). Removal of HCl from the 
hydrochloride gives a-iso-rubber, which differs from natural rubber in the 
positions of its double bonds, as is shown by ozonolysis (see p. 342) {Harries, 
Ber. 46, 733). For syntheses of methyl- and ethyl-hydro-rubber, see Stau- 
dinger and Widmer, Helv. 7, 842. Treatment of the hydrochloride or the 
hydrobromidc with Zn dust and acetic acid does not give hydro-rubber (see 
below), but ring closure takes place with loss of HCl or HBr, as in the form¬ 
ation of a- and ^-cyclogeraniolene from 2 : 6 -dimethyl- 2 : 6 -dibromoheptane. 
The cyclo-rubber so obtained is very similar to that prepared by the heat 
treatment of rubber (see above) (Staudinger and Bondy, Ann. 468, 12). 
For the hydriodide, see Harries, Ber. 46, 737; Hinrichsen, Quensell and 
Kindscher, ib. 1283. 

The action of NjOg on rubber gives as the primary product nitrosite A 
(CioHieNjOa)!, which is insoluble in organic solvents and alkali; the end- 
product is nitrosite C (CioHi 5 N 307 ) 2 , decomp. 168—160®, a yellow powder 
soluble in ethyl acetate and acetone, which has been recommended for the 
quantitative estimation of rubber in mixtures (Harries, Ber. 36, 4429; 36, 
1939); it is not a derivative of rubber, but of a degradation product. For 
the action of N 2 O 4 on rubber, sec Ernden, Ber. 68 , 2524. The reaction of 
rubber with nitrosobenzene gives (CiiHiiON)x, docomp. 136—140® {Pummerer 
and Oundel, Ber. 61, 1691; Staudinger and Joseph, Ber. 63, 2888). With 
tetranitromethane rubber solutions give at first the characteristic yellow 
colour of an unsaturated substance; a colourless compound then separates 
which contains one C(N 02)4 for approx. 5 CsHg-groups {Pummerer and Pahl, 
Ber. 60, 2169). For the effect of SgClg on rubber, see under vulcanisation 
(p. 339). 

The hydrogenation of rubber is of particular significance for the 
determination of the structure and the size of the molecule (see 
p. 344), and hence has been frequently investigated. Vigorous 
hydrogenation (270®, 100 atm.) or the reduction of a dilute solution 
of rubber give the same saturated hydro-rubber, (C 5 Hni)x {''polyprane’*) 
(Staudinger, Ber. 67, 1203; Staudinger and Schctal, Helv. 13, 1355), 
which is stable to bromine and permanganate; the pyrogenic de¬ 
composition of hydro-rubber at 350—400® yields a series of ethylenic 
hydrocarbons, the lowest of which is asym. methylethyl-ethylene 
and the highest a compound (Pumrnerer, Nielsen and Gundel, 

Ber. 60, 2167). More recent experiments carried out with rigorous 
exclusion of oxygen, in methylcyclohexane with Ni and Hg at 100—130® 
under 100 atm., give a different hydro-rubber (C 5 Hio)x; this is 
exactly like rubber in elasticity and appearance, but behaves as 
a saturated hydrocarbon towards bromine and tetranitromethane 
and, unlike rubber, is unaltered by a short exposure to air. Determi¬ 
nation of the molecular weight by the viscosity method gives the 
same value as for the original rubber, and hence this hydro-rubber 
contains the carbon skeleton of rubber unchanged (Staudinger and 
Leupold, Ber. 67, 304). 

Purified rubber is oxidised much more readily than the natural material; 
it is attacked even by air, particularly under the influence of light. Various 
substances can act as accelerators (nitrosodimethylaniline, Cu and Mn salts) 
or as stabilisers (antioxidants, see p. 339), By the action of Oj and of per- 
benzoic acid on dilute rubber solution, one atom of O is taken up per CgHg- 
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group, with the formation of a white, viscous, insoluble substance ( 05 Hg 0 )x 
{Pumfnerer and Burkard, Ber. 55, 3466). 

By the action of ozone upon rubber, Harries obtained an ozonide 
(CgHgOo)* and an *'oxozonide” (C5H804)x, according to the conditions; 
both of these decompose to yield laevulinic aldehyde, laevulinic acid 
and laevulinic aldehyde peroxide (Ber. 38,1195). On the basis of these 
results Harries suggested that rubber was a polymer of 1:5-dimethyl- 
cyclo-octadiene- 1 :5: 


rCHg—C CHg^CH*—CH 

[ IjH—CH,—CH 3 _ X 


CHgC —CHa--OH2~CH 
6 O 

OCH—CHg—CHg—CO. CHg 


but he abandoned this formula, because ozonolysis of a-isorubber 
gave degradation products of higher molecular weight. ca-Iso-rubbery 
obtained from rubber hydrochloride (see above) and p 3 n*idine, 
differs from rubber in its molecular size and in the positions of its 
double bonds (Harries^ Ber. 46, 733). Harries obtained the following 
by ozonolysis: laevulinic aldehyde, diacetylpropano, methylcyclo- 
hexenone (formed from diacetylpropane), a triketone, C^H^gOg, 
m.p. 93—94®, and a tetraketoney C 15 H 24 O 4 , m.p. 123®. The formation 
of the two latter excluded the presence of an eight-membered ring, 
and Harries then (1914) proposed as the unit of the rubber molecule 
a poly-membered ring composed of four or five CgHg-residues, e.g. 


CH3~-0-~CHa—CHaC—CH=C(CH3)—CHg—CHaln—CH 

Ih—CH,—CH,—C(CH 3 )=CH—CH, - CH,—d—CH, 


Weber, on the other hand, was the first to propose a chain-formula 
for rubber (Ber. 33, 786), and this formulation was later supported 
by the many experiments of Standinger, A long-chain compound 
which on ozonolysis will give laevulinic aldehyde as the main product 
(Harries obtained 60% of laevulinic derivatives, Hummer er obtained 
90% [Ber. 64, 804, 809]) can be built up in the following ways: 

CH3 CH3 CH3 

I. CH,—<!;=CH—CH,—(CHj,—i!=CH—CH,)u—CH=C—CH==CH, 

CH, CH 3 CH, 

i ! I 

II. CHj—CH=C—CH,—(CH,—CH=C—CH,)n—CH=CH—C=CH,. 
The end-members of the first of these chains will give on ozonolysis 
acetone, malonic dialdehyde, methylglyoxal and formaldehyde; the 
second wiU give acetaldehyde, acetoacetic aldehyde, methylglyoxal 
and formaldehyde. Because of the absence of methylglyoxal in the 
ozonolysis product, Harries preferred the ring-structure, but 
Pummerer and MaUlmeus succeeded in finding small quantities of 
methylglyoxal and acetaldehyde (together with acetic acid, succinic 
acid and COg) which indicates that the chain-formula II is correct 
(see also Pummerer, Matthaeus and Socias-Vmals, Ber. 69, 170). 

The size of the rubber molecule. — From the reactions of rubber, 
and particularly from its degradation products with ozone, it is 
clear that the molecule consists of a number of CgHg-groups (isoprene- 
residues) in a regular arrangement. There are two contradictory 
views as to the actual nuniber. According to one, rubber possesses 
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a basic molecule composed of few isoprene units; these basic mole¬ 
cules are united by secondary valencies which arise from the double 
bonds, to form the rubber particles, which now possess the cha¬ 
racteristic properties of rubber, elasticity, tensile strength and 
formation of colloidal solutions. In such a solution the colloidal 
unit is a micelle which is composed of an aggregate of the basic 
molecules and has taken up more or less of the solvent, i.e. has 
become solvated. According to the other view, rubber is composed 
of macro-molecules formed of a very large number of isoprene units; 
these macro-molecules are the colloidal particles in solution, and 
rubber must be regarded as a eucoUoid (Stavdinger). The basic 
molecule or the macro-molecule can be a chain or a ring. No quanti¬ 
tative information as to the size of the molecule has yet been ob¬ 
tained from chemical methods of molecular weight determination 
(e.g. preparation of halogen derivatives, ozonolysis, etc.). The 
formation of methylglyoxal (see above) in the ozonolysis, however, 
is in favour of the chain-formula, and the earlier work on the X-ray 
diagram of stretched rubber by K, H. Meyer and H. Mark^ showed 
clearly the presence of long chains of isoprene residues (Ber. 61, 1942; 
Meyer and Lothmar, Mo. 69, 115). 

Rubber gives a fibre diagram, which is interpreted in the following way: a 
rhombic elementary cell with the dimensions a = 12-3 A, b = 8*3 A, c = 8‘1 A, 
with the c-axis in the direction of the fibre axis, contains four units each 
of two isoprene residues; the primary valencies extend outside the elementary 
cell, so that a long chain of primary valencies is present in the direction 
of the axis of the fibre. The length of these primary valency chains was 
estimated by Meyer and Mark to be from ( 05118)75 to (C 5 H 8 ), 5 o. If the space 
occupied by 4 units of 2 isoprene residues each is calculated from the known 
dimensions of the C—C and 0=0 bonds, the result agrees with that found 
experimentally, provided that the two OHj-groups carrying the double 
bonds are in the cis-position to each other, and that each isoprene molecule 
is followed by one inclined at 180® to it; this is shown in the following dia¬ 
grams, which also show the relative positions of the primary valency chains: 




In an attempt to decide whether rubber is present in solution as 
a micelle or as a macro-molecule, molecular weight determinations 
in solution have been carried out. Only average values can be ob¬ 
tained, since the differences in solubility of various rubber pre- 

^ Der Aufbau der hochpolymeren organischen Naturstoffe, p. 189, 
Leipzig 1930. 
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parations show that a mixture of several large molecular aggregates 
or macro-molecules is present (see p. 339). The following methods 
have been used, the results from which are not always in agreement 
with each other: the cryoscopic method (Pwmmerer, Andrieaaen and 
Oiindel, Ber. 62, 2628; see also Signer^ Ann. 478, 246); the osmotic 
pressure method {Meyer and Marie^ Ber. 61, 1946; Schulz^ Z. physikal. 
Chem. A. 176, 317); and the viscometric methodetc. (e.g. Kruger, 
C. 1928 I 2546; Staudiuger, Z. angew. Chem. 49, 801). 

In the latter method it has been concluded, from the study of a large 
mass of facts collected in the investigation of synthetic polymers (chiefly 
polystyrenes, which serve as a model for rubber, poly-vinyl acetates and 
poly-ethylene oxides), that the viscosity is a simple function of the chain 
length of the dissolved substance, provided that the molecules are rod¬ 
shaped and only surrounded by a monomolecular layer of solvent, i.e. are 
not associated, and also that they are in very dilute solution. The following 

relationship then holds; =:Km‘M; »?8p = the rise in viseosity which the 
cg 

solute'Causes when dissolved in the solvent; Cg — the concentration of the 
solute in moles of fundamental unit per litre (for rubber, C^Hg, i.e. 68); Km is 
a characteristic constant for each polymeric homologous series, and is derived 
from measurements on “hemicolloids” of the same series, the molecular 
weight of which can be determined by the cryoscopic method. The hemi- 
colloids can be obtained either by polymerisation of the fundamental sub¬ 
stance (as in the polystyrenes) or by degradation of the macro-molecule (as 
in rubber and balata). M is the molecular weight. For the validity of this 
rule cf. Staudinger, Ber. 67, 92; Sakurada, ib. 1046; Mark, C. 1934 11 1112; 
Staudinger and Bauer, Helv. 17, 8()3; Staudinger, ib. 866; Ber. 69, 1168. 
The following values have been obtained for M {Staudinger and Leupold, 
Ber. 67, 304; cf. Staudinger and Heuer, ib. 1159, 1164): 

Hevea-rubber, not purified. 180,000, i.e. c. (C 5 Hft) 26 oo 

Difficultly soluble gel-rubber . 140,000, i.e. c. (C 5 H 8 ) 2 ooo 

Purified rubber, soluble in benzene .. .. 88,000, i.e. c. (C 6 H 8 )| 3 oo 

Purified rubber, soluble in ether . 64,000, i.e. c. (CgHgiggo 

Macerated rubber. 20,000, i.e. c. (CgHg^goo 

These particles might still be considered as molecular aggregates 
held together by the secondary valencies of the double bonds, if 
the hydrogenation of rubber (see above) had not given a hydro- 
rubber of the same viscosity and hence with the same molecular 
weight as the original rubber. Since the partial valencies which 
might be held responsible for holding together the aggregates of 
small molecules vanish with the saturation of the double bonds, 
the conclusion is justified that, in fact, the colloidal particles of 
rubber are macro-molecules of various sizes, i.e. a mixture of homo¬ 
logous polymeric hydrocarbons (CgHo)*, and further that the specific 
properties of rubber (elasticity, tensile strength, etc.) are not derived 
from the double bonds, but from the nature of the molecules as 
long “rigid, elastic fibres’" (Staudinger and Leupold, Ber. 67, 304, 
307; Staudinger and Mqjen, C. 1936 II 3649). 

The synthesis of rubber and artificial rubbers. — Since the formula 
of rubber represents it as a polymer of isoprene (polyprene) and 
since isoprene is obtained from rubber by distillation, attempts have 
been made to build up rubber from isoprene, and were undertaken 

^ Statidinger, Die hochmolekularen organischen Verbindungen Kautschuk 
und Cellulose. Berlin 1932. ' 
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before its molecular size and structure were clear. The observation 
that isoprene can be converted into a rubbery mass was made by 
Tilden many years ago. Systematic search for a substance which, 
like rubber, gives laevulinic derivatives on ozonolysis, and which can 
be vulcanised to give elastic products, began in 1904 as a result of 
the work of Harries. 


The following methods have been found: 

(1) Heat polymerisation {F. Hofmann, 1909); isoprene is heated for 8 days 
at 120—200®, or for a longer time at a lower temperature. 

(2) Heat polymerisation in acetic acid solution in a closed vessel at 100® 
{Harries, 1910). 

(3) Sodium polymerisation {Harries, and Matthews and Strange, 1910); 
isoprene is heated for a long time at 60® with Na. 

(4) Sodium-carbon dioxide polymerisation {Holt, 1914); isoprene is poly¬ 
merised Na in the presence of COg. 

Several other methods of polymerisation were worked out later, such as 
the ozonide method. 

The rubbers obtained by methods (1), (2) and (4) are very similar to 
natural rubber in their behaviour to bromine and ozone, which points to 
considerable similarities in structure. The average chain length is however 
different, and no fibre diagram is obtained from the stretched material. 
The vulcanised products are inferior to those from natural rubber. The 
“sodium-rubber” prepared by method (3) is quite diff(;rent from natural 
rubber and from the other three synthetic polyprenes. Its ozonolysis yields 
mainly products of high molecular weight. 

Detailed investigation of the polymerisation of two molecules of 
isoprene has been very important for the understanding of the 
chemical processes which take place in these polyprene syntheses. 

Isoprene, which takes up Hg and Brg in the 1:4-po8itions {Midgley jun. 
and Henne, Am, 51, 1294), also condenses with a second molecule of isoprene 
in the 1; 4-positions (a special case of the diene-synthesis), with the formation 
of the following cyclic products {Wagner-Jauregg, Ann. 488, 176): 


1 I 



I. Dipentene 
(p. 201) (at 
higher temperatures) 


X/' 


, ! 


/\ 

,1 lA 

|l 1 1 


\A 

V\ 

II. Diprene 

III. Hydrocarbon of 

(p. 214) (at 

Lebedev (constitution 

lower temperatures 

not proved) 


Rubber is the only aliphatic polymer of isoprene, since 1:4-addition with 
chain-formation does not cease after the condensation of two molecules 
together, but can lead to products of high molecular weight: 


CHg 

CH«=G—CH=CHg 


CHg 


CHg 


=<L-CH= 


CHg 


:CHg CH, 


,=(Lch=< 


CHg 


CHg 


CH, 

[«—C=< 


—CHg--€=CH—CHg-CHg—C=CH—CHg-CHg—C=CH—CHg— 


CH, 


The intermediate product composed of two molecules of isoprene can, 
however, be detected: 

(1) by reduction; when isoprene is treated with K and alcohol it gives 
2:6-dimethyl-2:6-octadiene: 
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CH, 

CH«— 


CH—CH,—CH*- 


CH3 
<l!=CH—( 


CH, 


In addition 3:6- and 2:7-dimethyl-2:6>octadiene are formed {Midgley jun. 
and Henne, Am. 51, 1294); these take no part in the formation of normal 
rubber: 


CH3 


CHo—CH 


( 1 —CH«—C 


CH3 


CHa- 


CH 3 

I—(i=' 


H,—CH,—C=CH—CH3 

CH 3 

CH—CH,—CH,—CH=(i—CHg 


(2) with acetic and Sulphuric acids (0»3%) the acetate of geraniol (p. 201) 
is lormed: 


CH3 CH3 

CH,—C=CH—CH,—CH,—(!!=:CH—CH,OH 

Other products are aliphatic primary monoterpene alcohols of unknown 
constitution, and cyclic mono- and sesqui-terpene hydrocarbons and alcohols 
{Wagner-Jauregg^ Ann^ 496, 62). 

The different course of reaction in the polymerisation of isoprene with 
alkali metals is explained by the fact that the metal-alkyl butadiene 
first formed can undergo allyl tautomcrism thus: 

Br-UH,—CH=CH—CH,—A R—CH,—CH(A)—CH=:CH, 

(A represents alkali metal) 

Addition of another molecule of butadiene can take place in the 1:4- as 
well as in the 1:2-position, to give 


R—CH,—CH=CH—CH,—CH,-CH=CH—CH,—A 

and 

R_CH,—CH—CH,-CH=CH—CH,—A 
([!H=CH,, 

which can then again react in two forms {Ziegler^ Dersch and WolUhan, 
Ann. 611, 13). From the results which have been observed in the interaction 
of Li-butyl with butadiene, it can be assumed that the structure of sodium- 
rubber (prepared by process 3, p. 345) is as follows, and arises from a series 
of additions in the 1:2 position: 


CH, CH^ CH, CH, 
—CH,—(L-CH,—ij—CH,—(L-CH,—<!?— 


L. 


L 

L, 


in 


in 

L,. 


The presence of CO, during the sodium polymerisation of isoprene (process 4, 
p. 345) displaces the equilibrium given above to the left and leads to 
1:4-addition. 

Lower and higher homologues of isoprene rubber have been obtained by 
the application of various methods of polymerisation to butadiene, which 

g *ves hutadiene-rvhher {nor-rubber•, *^buna^*; for its properties see Koch, 
, 1936 II 3213; Hofmann, Naturwiss. 24, 423; Konrad, Angew. Chem. 49, 
799), and to 2:3-dimethyl-butadiene-l:3 (I, 117), yrhioh. rnethyl-rubber. 
Because dimethyl-butaaiene is relatively easy to obtain, methyl-rubber 
attained considerable importance in Grermany during the Great War. Its 
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properties, however, are inferior to those of the natural product, although 
recent experiments with butadiene-rubber have given very much more 
favourable results. 2-Chlorobutadiene-l:3, chloroprene (from vinylacetylene 
[I, 117] and HCl, followed by rearrangement) can also be polymerised to 
various rubber-like products {Carolkera, Williams^ Collins and Kirby, Am. 53, 
4203; Carothers and Coffmann, Am. 54, 4071; Brit. Pat. 387,363 [1931]; 
Klehansky and Va^siljeva, J. pr. 144,261). The //-polymer, chloroprene rubber, 
is superior to natural rubber in that it is more resistant to oil and benzene 
and less porous to gases. In contrast to isoprene-rubber, it gives a fibre 
diagram when stretched {Oarbsch and Susich, C. 1933 I 3132). Ozonolysis 
gives succinic acid {Klebansicy and Vassiljeva, J. pr. 144, 261; C. 1936 II 
1896), which is additional evidence for the formula: 


Cl 


Cl 

2 - 


Cl 

-i- 


CH—CH,-~ 


—CH,—<!!=CH—CH,—CHj—C=CH—CH,—CH,- 

Two substances closely related to rubber, guttapercha and balata^ 
(C 5 H 8 )x, also are found in the milky sap of tropical trees {Pal^uium 
Outta and oblongifolium, and Mimusops Balata). Their crystalline constituents, 
white spherulites which become transparent and isotropic at 60—62®, and 
melt above 90®, are identical, as is shown by their X-ray diagrams {Hauser 
and Susich, C. 1931II3061; cf., however, their behaviour towards thioglycollic 
acid, Holmberg, Ber. 66, 1360). On distillation they give isoprene, and 
irradiation causes polymerisation as with rubber {Pummerer and Kehlen, 
Ber. 66, 1120). For cydo-guttapercha, see Staudinger and Bondy, Ann. 468,10. 
Balata and guttapercha differ from rubber in their smaller elasticity, and 
by the fact that they become soft and plastic when warmed in water. 
Staudinger'^ allots to balata a constitution similar to that of rubber, but with 
a cis-position to the two methylene groups adjacent to the double bonds, 
whilst a trans-position is given in rubber, but Meyer and Mark give the 
reverse configuration on the basis of the X-ray diagrams (Book [footnote 
to p. 343] p. 204). From viscometric measurements Staudinger finds an 
average molecular weight of 40,000 to 60,000. Hydrobalata, (C5Hio)x, obtained 
by hydrogenation with complete exclusion of oxygen, is a tough, amorphous 
mass of low elasticity, rather like rubber, which, in contrast to balata, is 
very stable to oxidation {Staudinger and Leupold, Ber. 67, 304). Guttapercha 
and balata are used technically as insulating materials, e.g. for cables 
{Dean, C. 1933 I 3636). For the formation of inonocyclo-guttapercha and 
monocyclo-balata from the hydrochlorides with Zn dust and alcoholic potash, 
see Hardie and Mair, J. 1935, 1239, 1242. 

A series of naturally occurring polycyclic compounds with one or more 
double bonds and alcoholic or acidic groups are closely related to the poly- 
terpenes. These are the resin acids (see below) and the sapogenins, the 
glycosides of which occur as saponins in various plants (soapwort, horse 
chestnut, etc.). Several of these sapogenins are converted by dehydro¬ 
genation with Se into 1:2 :7-trimethylnaphthalene (sapotalene, see pp. 338 
and 613 et seq.). These compounds, which are closely related to the poly- 
terpenes, have been designated “polyterpenoids” {Ruzicka, Brungger, Egli, 
Ehmann and Goldberg, Helv. 15, 1601). The carotenoids also (lycopin, 
carotene, xanthophyll etc.) are related to the polyterpenes, for they too are 
built up from a series of isoprene units. 


Resins ^ 

The resins are closely related to the terpenes, and occur with 
them in plant secretions. Naturally occurring solutions of them in 

^ cf. Book (footnote on p. 343), p. 404. 

* hr. Wolff, Die natiirlichen Harze. Stuttgart 1928; A. Tschirch and 
E, Stock, Die Harze. 3'^ ed. Berlin 1933; R* D. Hatvorth, Natural Resins, 
Ann. Rep. Chem. Soc. 88 (1936), 266. 
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essential oils and turpentine oils are known as balsams or gums; 
resins can be obtained from them by distilling off the volatile 
constituents in steam or in vacuo. They are solid, amorphous and 
usually glassy substances; their solutions in alcohol, ether, turpentine 
oils, etc., are used as industrial varnishes. 

Most natural resins appear to be mixtures of various characteristic 
acids, which are known as the resin acids. They are soluble in alkali 
to give resin-soaps, from which the resin acids are again precipitated 
by acids. 

The resin acids which occur in the balsams from various species 
of Finns have the formula CgoHgQOg; some of them are very sensitive 
to heat, mineral acids and the oxygen of the air, and they crystallise 
with one another in isomorphous mixtures; these properties make 
their isolation and characterisation very difficult. According to 
Duponty they can be grouped as follows: 

A. Terebenthic acids, the constituents of the various kinds of 
galipot. 

(1) Plmaric acids: Dextropimaric acid, oL-pimaric acid, ia found in turpen¬ 
tine of Bordeaux, from Pinus sylvestris and Pinus laricio, and in American 
turpentine; m.p. 210—211®, [a]Hfi yellow + 76® 4'. It ia very stable towards 
heat and acids, and can be obtained almost unchanged from its hydro¬ 
chloride with quinoline {Ruzicka and Balas, Ann. 460, 203). It contains 
two double bonds, which have different reactivities, as shown by the addition 
of oxygen with perbenzoic acid, and of with a very reactive catalyst 
{Ruzickay Huyser and Seidel, Rec. 47, 363). Dehydrogenation with sulphur 
gives CieHi 4 , 1:7-dimethylphenanthreno, pimanthrene, m.p. 86® {picrate m.p. 
131—132®), formed by the loss of the carboxyl, a methyl, and the vinyl group 
{Haworth, Letsky and Mavin, J. 1932, 1784). The methyl ester of d-pimaric 
acid has m.p. 69®. Homopimanthrene, 7-methyl-l-ethylphcnanthrenc, m.p. 81® 
{picrate m.p. 116—116®), is formed from dextropimaric acid in the same 
way as homoretene is from abietic acid (p. 349) (synthesis: Haworth, J. 1932, 
2717). Oxidation with KMn 04 gives dihydroxy-dihydro-dextropimaric acid, 
C 2 oH 8 oOa(OH )2 {Balas, C. 1929 I 2530), which is converted by CrOg into the 
dicarboxylic acid C19H28O4, m.p. 260—261®; this has one C-atorn less and 
contains one double bond. Energetic oxidation with nitric acid gives two 
acids; CnHigOg (I), m.p. 218-219®, and CigHigOe (II), m.p. 212-213®, which 
can be obtained from abiotic acid (see below) in the same manner. Dextro¬ 
pimaric acid probably has formula (111) {Ruzicka, de Oraaff and Muller, 
Helv. 16, 1300; Haworth, J. 1932, 2717): 


HgC COOH HgC 
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There is one double bond in the ring-system, its position being uncertain. 
For the action of perbenzoic acid upon dextro-pimaric acid, see Ruzicka 
and Frank, Helv. 15, 1294. 

Laevopimaric acid, p-pimaric acid, sapietic acid, is not, as its name would 

a , the optical antimer of a-^imaric acid. It is present in turpentine of 
laux, from Pinus laricio, and in the resin from Picea excelsa {Dupont, 
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C. r. 172,1373); m.p. 160—162°, [a]Hg yellow — 282«4°. When boiled in acetic 
acid solution it gives abietic acid; catalytic reduction shows the presence 
of two double bonds {Ruzicka, Balaa and FiKm, Helv. 7, 468). Treatment 
of laevopimaric acid with maleic anhydride gives the same adduct as that 
obtained from abietic acid {Bacon and Ruzicka^ Chem. and Ind. 55 (1936), 
646; see also Wienhaus and Sandermann^ Ber. 69, 2202). 

(2) Sapinic acids are easily oxidised, and very unstable towards heat; 
they are converted, via various intermediates, into abietic acid. For the 
most part they appear to be mixtures of dextropimaric and laevopimaric acids 
with a “proabietic acid” {Kraft, Ann. 524, 1). Several acids have been 
allotted to this group, but it is uncertain whether they are single compounds 
or mixtures {Nordstrom, J. pr. 121, 204). 

a-Aleppic acid, m.p. 148°, [ajifg yellow — 66° 2', is found in galipot from 
Finns halepensis and Finns laricio. 

Laricinic acid, m.p. 146—147°, [a]*? — 48-6°, is obtained from Venetian 
turpentine {Trost, Ann. chim. appl. 25, 496). 

Pincinic acid, m.p. 119—120°, [a]Hg yellow — 113° 3', is found in the galipot 
from Finns pinea {Dnpont and Dnhonrg, Bull. 39 (1926), 1029). 

/9-Sapinic acid, m.p. 140°, r*]Hg yellow —161°, from the galipot of Finns 
maritima {id., C. 1928 II 1434), and sapinic acid from American pine resin, 
m.]). 141—144°, have been shown to be mixtures of dextropimaric and 
laevopimaric acids and their rearrangement products {Kraft, Ann. 520, 133). 

B. Colophanic acids, products of the rearrangement of terebinthic 
acids by beat {colopkonic acids according to Ascfuin) and by mineral 
acids {sylvinic acids according to Aschan). 


The most fully investigated compound of this series is abiotic acid, m.p. 
173°, [a]ug yellow approx. — 100° {Schnlz, Chem. Ztg. 41, 666). It contains 
two double bonds, as is shown by its oxidation to tetrahydroxy-abietic acid, 
CioH 29 (OH) 4 COOH, m.p. 246-247° {Levy, Ber. 42, 4305; 61, 616), and by 
the catalytic hydrogenation to tetrahydro-abictic acids. Abietic acid must 
therefore be tricyclic, and since on dehydrogenation it yields retene, 1-methyl- 
7‘isopropyl-phenanthrene(I), m.p. 98—99°(picm^em.p. 123—124°) {Vesterherg, 
Ber. 36, 4200; Diels and Karstens, Ber. 60, 2323; synthesis, Bardhan and 
Sengnpta, J. 1932, 2798), it must have a hydrogenated phenanthrene 
skeleton. In the dehydrogenation, COg and a methyl group are lost; this 
fact together with the lack of reactivity of the carboxyl group, the investi¬ 
gation of the acids obtained by oxidation, CigHigOg (II, p. 348) and CllHigOg 
(I, p. 348), and the principle that the molecule must be built up of isoprene 
units, has led to the formula (II) for abietic acid {Vocke, Ann. 497, 247; 
Rnzicka, Waldmann, Meier and Hosli, Helv. 16, 169; Ruzicka and Wald- 
mann, ib. 842; see also Vocke, Ann. 508, 11): 


HOOC. ^CHg 

iC CH^ 

HaC CH iTCHa 

3j I [ii HI I 

HaC Ci2 14C 




The position of the double bonds is not known with certainty; they were 
placed in the positions shown because with maleic anhydride an addition 
compound is formed, but this reaction does not take place below 130°, and 
the spectroscopic and refractivity data do not support conjugation of the 
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double bonds {Wienhaus, Ritter and Sandermann, Ber. 69, 2198). Abietic 
acid forms a nitroaochloride, m.p. 146®, a nitrosite^ m.p. 77®, and an acid 
Na salt, 3 C 20 HS 0 O 2 -f CigH^COONa, m.p. 176® {Dupont, Desalhres and 
BemeUe, Bull. 8 u (1926), 488). For esters of abiotic acid and their 
halogen halide addition products, see Levy, Ber. 64, 2441, From abietic 
acid are derived: abietene, C^gHjo, formed by decarboxylation, and abietin, 
formed from the acid chloride C 19 H 29 COCI by distillation with 
loss of CO and HCl. Homoretene (previously known as methylretene), 
m.p. 79® {picrate m.p. 101—104®), is obtained by the following series of 

reactions: abietic ethyl ester — ^ abietinol —^ homoabietin (formerly 


known as methylabietin) 


alcohol 
S-dehydro« 


homoretene. It has been shown to 


venation 

be l-ethyl-7-isopropylphenanthrene (synthesis: Haworth, J. 1982, 2717), and 
owes its formation to the migration of a carbon atom during the dehydration of 
the abietinol. Long heating converts abietic acid into the isomeric pyrodbietic 
acids: laevopyroahietic acid, m.p. 194®, [a]^—15® 2', and dextropyroabietic 
acid, m.p. 167®, [a]^ + 37-6® {Fonrobert and Greth, C. 1929 I 2642). 


One dibasic acid, C 20 H 30 O 4 , agathic acid, m.p. 204®, which is found in 
Kauri copal and hard and soft Manila copal, has, in contrast to the above 
acids, a bicyclic skeleton, and contains a hydrogenated naphthalene ring 
with two double bonds {Ruzicka and Hosktng, Helv. 14, 203). It can be 
converted into ah isomer, isoagathic acid, which is a hydrogenated phenan- 
threne derivative. Both acids give pimanthreno (see above) on dehydro¬ 
genation {Ruzicka and Hasking, Helv. 18, 1402). In addition agathic acid 
yields 1:2: 6 -trimethyInaphthalene {agathalene) {Ruzicka and Ekmann, 
Helv. 16, 140), which is also obtained from tctracyclo-squalene. 

Manila elemi resin contains a resin acid of high molecular weight, the 
monobasic hydroxy-acid a-clemolic acid, C 8 oH 4 g 03 , m.p. 226®. It is converted 
by oxidation into the ketonic acid C80H43O3, a-elemonic acid, m.p. 274—276®, 
and dehydrogenation with 8 e yields 1:2:7-trimethylnaphthalene. a-Elemolic 
acid has two double bonds, one of which resists hydrogenation: dihydro- 
OL-elemolic acid, C 30 H 50 O 3 , m.p, 238® {Ruzicka, Wakeman, Furter and Goldberg, 
Helv. 16, 1464; Mladenovic, 0. 1933 I 3724; Lieb and Mladenovic, Mo. 62, 
232). Manila elemi resin contains also a tetracyclic ketonic acid with two 
double bonds, d-elemic acid (/tf-elemonic acid), C 3 oH 4 e 03 , m.p. 220 ®; the 
tetrahydro-acid, CgoH^oOg, has m.p. 244® {oxime m.p. 246®) {Mladenovi6 and 
Berkei, Mo. 67 , 36). Further the crude resin yields a hydroxy-acid, y-elemic 
acid, C 30 H 5 QO 3 , m.p. 281® {Lieb and Mladenovic, Mo. fe, 69, 69); /^-eieiuio 
acid seems to be a mixture of the a- and y-acids and amyrin {Mladenovic, 
C. 1933 I 3724). 

For boswellinic acid, CgoH 4808 , the resin acid of incense, a monohydroxy- 
triterpene acid, see p, 614. 

Shellollc acid, C 15 H 20 O 3 , m.p. 199*6—201® {dimethyl ester m.p. 149®), is a 
hydroaromatic dihydroxy-dicarboxylic acid obtained from shellac. Its 
diphenylurethane, C31H34N2O8, has m.p. 92—94®. Shellac is the purified 
commercial form of the lac exuded by various Indian species of Ficus as a 
result of the attacks of various insects. The pure resin can bo decomposed 
by careful hydrolysis into aliphatic and hydroaromatic hydroxy-acids. It 
must be regarded as the mixed lactides of these acids, and it contains free 
COOH-groups. The decomposition product gives, besides shellolic acid, 
ideurltinlc acid, CigHgsOg, 9:10:16-trihydroi^-palmitic acid; in contrast to 
sheUolic acid this forms a sparingly soluble IC salt; methyl ester m.p. 63—64®; 
ethyl ester m.p. 68 ®. Oxidation with KMn 04 yields azelaic acid and heptanol* 
7-carboxylic acid, which is evidence for the following formula; 

CHjOH. (CHj)^. CHOH- CH0H-(CH2)7. COOH 
(Harries and Nagel, Ber. 66, 3833; Harries, Ber. 66, 1048; see also Harries 
and Na>gel, C. 1924 II 1187; Nagel, C. 1931 11 667; Na^el and Mertens,, 
Ber. 69, 2050). 
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Amber, a fossil resin found on the coasts of the Baltic sea, is a mixture of 
various resin acids and esters; it can be separated by alcohol into a soluble 
part (30%) and an insoluble part (70%). By treatment of the soluble 
portion with other solvents (light petroleum, ether, etc.), the following 
compounds can be isolated: succinic acid, borneol, succlnoxy-abletic acid, 
m.p. 124-126®, a hydroxy-acid succinoabietinoHc acid, m.p. 164®, and an 
aicohol, m.p. 115®. When the portion insoluble in alcohol is treated with 
KOH, the products are succinic acid, a compound of m.p. 137®, and two 
indifferent substances (resenes) with decomp, points above 350®. Dehydro¬ 
genation of these with Se gives pimanthrene and a hydrocarbon C 18 H 14 , 
m.p. 28® {picrate m.p. 139-5®), of unknown composition {Schmid and Erdos, 
Ann. 608, 269). 


B, NATURAL PRODUCTS 

In this section a large number of compounds found in the plant 
and animal kingdoms are dealt with. They are divided into a number 
of groups, the individual groups including cither a series of com¬ 
pounds of similar molecular structure, as in the groups of the glyco¬ 
sides, the sterols and the bile acids, or of compounds with similar 
physical properties, such as the natural colouring matters, or with 
similar physiological or pharmacological effects, such as the tannins, 
pepper-like substances, non-nitrogenous poisons, vitamins and hor¬ 
mones. The various members of these groups are then treated 
separately, if their constituion is known. This method of classification, 
through possibly not logical, is the most practicable for the purposes 
of a text book. In addition to the compounds described here, other 
important groups of natural products are the carbohydrates and 
proteins treated in Vol. I., the terpenes discussed earlier in this vo¬ 
lume and the plant alkaloids to be dealt with in Vol. IV. The com¬ 
pounds described in this section are divided into the following groups: 

I. Glycosides V. Non-nitrogenous Poisons 

II. Tannins VI. Sterols and Bile Acids 

III. The Active Principles of VII. Vitamins 

the Peppers VIII. Hormones 

IV. Natural Colouring Matters 

I. GLYCOSIDES 1 

The glycosides include a large number of compounds chiefly found in 
the plant kingdom; under the influence of hydrolysing agents, e.g. by heating 
with water or dilute acids, or by the action of enzymes, they take up water 
and decompose to give one or more sugars and a sugar-free “aglycone”; 
the latter can belong to the most diverse kinds of chemical compounds. 
Sometimes in nature the position of the sugar component is taken by one 
of its higher oxidation products, e.g. glucuronic acid. 

Laurent in 1852 was the first to place these substances into a special group, 
the “glucosamides”. Bertheht later called them “saccharides’*. The detail^ 
investigation of amygdalin by Liebig and Wohler in 1837 formed the starting 
point for the study of the “glycosides”. 

The following table gives some of the important dates in the history of 
the discovery of the glycosides: 

^ E, F. Armstrong and K, F. Armstrong, The Glycosides, London 1933; 
J, van B^n, Die Glykoside, Berlin 1931; Klein's Handbuch der Pflanzen- 
analyse, Vol. Ill, Vienna 1932. 
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1816 Saponin (Grothus). 1876 Vicin (Ritthausen). 

1822 Daphnin (Gmelin and Baer). Chitin (Ledderhose). 

1827 Sinalbin (Henry and Corot). 1894 Picein (Taiiret). 

1828 Digitalin (Dulong). 1897 Linamarin (Jorissen and Hairs). 

Hesperidin (Lebreton and Bran- 1901 Lotusin (Dunstan and Henry), 

des). 1903 Geranyl glucosidc (Bourquelot). 

1830 Salicin (Leroux; Buchner). 1906 Gem (Bourquelot and Herissey). 

Amygdalin (Robiquet and 1909 Hydrangenol-glucosido (Asa- 

Boutron). hina). 

1836 Phlorrhizin (de Koninck). 1913 Cyanin (Willstatter and Everest). 

1840 Sinigrin (Robiquet and Bussy). 1914 Solanum glucoside (Oddo). 

1841 Quercitrin (Bolly). 1919 Pharbitic acid (Asahina). 

1852 Arbutin (Kawalier). 1920 Dryophanthin (Nierensteiii). 

1861 Coniferin (Hartig). 1930 Chellolglucoside (Eantl). 

1874 Phrenosin (Thudichum). 1931 Daidzin (Walz). 

1876 Digitonin (Schmicdeberg). 

The glycosides are isolated by extraction with water or organic 
solvents, which stops the hydrolysing action of the enzymes, followed 
by separation of the glycoside as some sparingly soluble derivative. 

From observations on the occurrence of the glycosides in nature, 
the synthetic abilities of the various plant families can readily be 
seen; e.g. the Cruciferae give glycosides which are hydrolysed to 
compounds containing sulphur. On the other hand certain types 
of chemical compounds, e.g. the anthocyanins and saponins, seem 
to be synthesised very readily by plants of many kinds, and hence 
are widely distributed. 

The glycosides appear to have various functions in the plants. 
Thus substances can be kept in reserve until needed, e.g. the hormones 
which exert a regulating stimulus on plant metabolism, or reserves 
of sugar. The hydrocyanic acid glucosides, the first products of 
nitrogen assimilation, may possibly represent an intermediate in the 
synthesis of protein; their formation may also be a means of rendering 
innocuous the HCN which is injurious to enzymatic cell processes. 
The addition of sugar molecules to the anthocyanidins acts as a 
protection of these colouring matters against oxidation. The glyco¬ 
sides of the bark or epidermis of plants possess an antiseptic action 
against insect pests. 

The simplest glycosides were prepared by E. Fischer (1893) by 
the action of HCl on alcoholic solutions of sugars (I 694). Treatment 
of alcohols with the 1:2-oxides of sugars also leads to the corre¬ 
sponding glycosides (Hickinbottomy J. 1928, 3140). 

A method for the artificial preparation of glycosides due to Michael 
(1879) consists in the interaction of alcohols or phenols with aceto- 
chloro- or acetobromo-glucose (I 695) in alkaline alcoholic solution. 
Phenolglycosides may also be prepared catalytically from phenols 
and sugar acetates by the action of ZnClg or p-toluene-sulphonic 
acid {Uelferich and Schmitz-Hillebrechty Ber. 66, 378; Helferichj 
Brit. Pat. 394,195; Helferich, Lang and Schmitz-Hillebrechty J. pr. 
138, 275; Helferich and PeterSy ibid., 281). 

The enzymatic synthesis of Croft-Hill (1898) has also become of 
very great importance (cf. Arnmony Z. angew. Chem. 46, 357). 

A consideration of various possible methods has shown that the 
glycosides are best classified according to the constitution of the 
aglycone. 
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(a) ALIPHATIC GLYCOSIDES 

)3-Methyl-d-gluco8ide, CeHuOg-OCHa, m.p. 110®, [a]D —31'97®, is found 
in the leaves of Dipsacaceae {Wattiez, J. Pharm. Belg. 7, 81; idem. Bull. Soc. 
Chiin. Biol. 8 (1926), 601; J. Pharm. Belg. 11, 697). For its synthesis see 
Fischer, Ber. 28, 1161; Koenigs and Knorr, ibid. 34, 966; Fischer and Arm¬ 
strong, ibid., 2896). 

a-£thyl-galactoside, CeHnOj • OC2H5, m.p. 140®, [a]D + 186*62®, has been 
isolated from lupins {Fischer, Ber. 47, 466). It has been synthesised from 
galactose and alcohol with HCl {Fischer and Armstrong, Ber. 36, 3166), or 
biochemically with yeast {Hirissey and Auhry, J. Pharm. Chim. (7) 9, 327). 

Oaultherioside, C 13 H 24 O 10 , m.p. 186®, [a]D — 68 ®, obtained from fresh 
OauUheria procumhens, gives ethyl alcohol, glucose and xylose on hydrolysis 
{J, Rabate and 8. Rabate, Bull. Soc. Ohim. Biol. 13 (1931), 604). 

Floridosidc, CaHigOg, m.p. 87®, [a]D + 161®, a glycoside from the seaweed 
Rhodymenia palmata {Florideae group), is decomposed by hydrolysis with 
dilute sulphuric acid into galactose and glycerol; as it cannot be hydrolysed 
by emulsin, an a-glucosidic link is probably present, and the difficulty of 
oxidation with bromine indicates that it is attached to the secondary alcohol 
group {Colin and Quiguen, C. r. 190, 663; 191, 163 (1930); Schmidt-Nielsen 
and Hammer, 0. 1933 I 3963). 

A glucoside of amyl alcohol is contained in the roots of Brauneria angusti- 
folia {Colin and Guiguen, C. r. 191, 163). 

Clavicopstn, C^gH 340 ig-H 20 , m.p. 91®, anhydrous 198®, [a]55 -f 142*27®, 
is present to the extent of 1*6—2% in the ergot, Claviceps purpurea {Secale 
cornutum); hydrolysis yields mannitol CeHi 40 e, m.p. 166®, fa]D 4- 22*6®, and 
2 moles of glucose {Zuco and Pasguero, Gazz. 41 (1911), II 368). 

Cetyl alcohol d-glucoside, C 22 H 440 g, m.p. 160®, fajn —22*02®, occurs in 
sarsaparilla root. For its synthesis from cetyl alcohol and acetobromoglucose, 
see Fischer and Helferich, Ann. 383, 79; Solway, J. 103, 1022. 

Pharbitlc acid, C 26 H 4 gOi 3 , m.p. 156—162®, [a]D — 46*6®, is obtained from 
the seeds of Pharbitis nil. Acid hydrolysis gives ipurolic acid {‘6\W-dihydroxy- 
myristic acid) C 14 H 28 O 4 , glucose and rhamnose. The dihydroxy-acid can be 
reduced with HI to myristic acid C 14 H 28 O 2 , m.p. 63*8®. As ipurolic acid is a 
/^-hydroxy-acid, it can be dehydrated to an unsaturated monohydroxy-acid 
Ci 4 H 2 e 08 ; ozonolysis of this compound gives the ketonic acid C 12 H 22 O 3 , m.p. 
66 ® ( 8 -butyryl-caprylic acid), and hydrogenation hydroxy-myristic acid 
C 14 H 28 O 3 , m.p. 61®. The position of the second hydroxyl group follows from 
the oxidation of hydroxy-myristic acid to sebacic acid C 10 H 18 O 4 , m.p. 133®, 
and butyric acid C 4 H 8 O 2 . Direct oxidation of ipurolic acid gives 3;ll-diketo- 
myristic acid C 14 H 24 O 4 , m.p. 69®, which can be decarboxylatcd to the corre¬ 
sponding diketone C 13 H 24 O 2 , m.p. 49® {Asahina and Shimidzu, J. Pharm. 
Soc. Japan 479 (1922), 1 ; Asahina and Nakanishi, ibid. 620 (1925), 1). 

Jalaplc acid, ggOig, m.p. 208®, is obtained from the resin of Stipites 
Jalapae, Convolvulus orizabensis and Scammonia {Peyer and Rosenthal, 
Apoth. Ztg. 44 (1929), 1329); it is used for its purgative and haemolytic 
action {Heinrich, Biochem. Z. 88 , 13), and paralyses the motor nerves and 
the parasympathetie system {Hollander, Compt. rend. Soc. Biol. 39 (1926), 
1171). Hydrolysis decomposes it into jalapinolic acid (ll-hydroxy-palmitic 
acid) CigHggOg, m.p. 68 ®, and 3 mol. glucose {Spirgatis, Ann. 110, 289; Poleck, 
Arch. Pharm. 232 (1894), 316; Kromer, J. pr. 67, 448). The aglucone is 
shown to be a hydroxy-acid by the formation of an acetyl derivative, and on 
reduction with HI it is converted into palmitic acid C^gHggOg, m.p. 61*6®. 
Jalapinolic acid is oxidised by CJrOa to a ketonic acid CigHgoOg, m.p. 74*5®; 
the position of the CO group in this acid, and hence of the OH in jalapinolic 
acid, is shown by the Beckmann rearrangement of the oxime to caproic acid, 
CgHigOg, b.p. 200 ®, and 10 -aminodecanoic acid CigHgiOgN, m.p. 185®, or 
undecandioic acid CiiH 2 o 04 , m.p. 110 ®; the constitution is also shown by the 
synthesis of 11 -keto-hexadecanoic acid from CH 3 ‘(CH 2 ) 4 *MgBr and 
0 ;CH.(CH 2 ) 9 -C 00 CHj. Hence jalapinolic acid is 11-hydroxy-hexadecanoic 

P.lchter-Anschtitz 11. 23 
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acid {Aaahina and 7ao», J. Pharm. Soc. Japan 528 (1926), 6 ; Davies and 
Adams, Am. 60, 1749). 

CoiiTOlTullnic acid, *71120, m.p. 187®, [a]D—36*3®, obtained 

from the resin from Convolvulus, Radix scammoniae, and Exogonium purga 
{Peyer and Rosenthal, Apoth. Ztg. 44 (1929), 1329), is very similar to jalapic 
acid in physiological action. Treated with 10% oxalic acid it yields 4 mol. 
of glucose, 2 mol. of rhamnose, and convolvulinolic acid C 18 H 32 O 4 , m.p. 84® 
{Mayer, Ann. 96, 161; Taveme, Rec. 13, 187; Votofxk, Ber. 48, 476). The 
latter has been identified as 3:12-dihydroxy-palmitic acid: the presence 
of two hydroxyl groups is shown by a Zerevitinov estimation, and HI reduces 
the acid to palmitic acid. The position of the hydroxyls was established by 
oxidative fission with CrOg into 2:11-diketo-pentadecane C 16 H 28 O 2 , m.p. 64®, 
and COg, or acetic acid and 10-keto-tetradecanoic acid C 14 H 26 O 8 , m.p. 69®; 
and further by the Beckmann rearrangement of the oxime of this ketonic 
acid into sebacic acid C 10 H 18 O 4 , m.p. 133®, and n-butylamine C 4 H 11 N, or 
into n-valeric acid C 6 H 10 O 2 , and 9-ammo-nonanoic acid C 2 H 19 O 2 N {Vototek 
and Valentin, C. 1929 It 678; Voto6ek and Prelog, ibid. 679). 

The fats of bacteria are composed mainly of ester-like compounds of poly¬ 
saccharides with saturated and unsaturated fatty acids; e.g. the lipoids of 
the diphtheria bacteria yield not only palmitic acid C 18 H 38 O 2 , but also palmi- 
toleic acid CH 3 .(CH 2 ) 6 *CH:CH.(CH 2 ) 7 *COOH (methyl ester b.p. 110 ®/ 
0*01 mm.) and an olefinic acid of higher molecular weight, diphtheric acid 
C 36 H 38 O 2 , m.p. 36® ^hargaff, Z. physiol. Chem. 218, 223). 

For tuberculo-stearic acid, Ci 8 H 8 e 02 , and phthionic acid C2eH6202, which 
have branched chains and are obtained from tubercle bacilli, see p. 478. 


(b) TERPENE GLYCOSIDES 


Gcranyl-glucoside, CieH280e, m.p. 68 ®, [a]i) — 37*26®, is found in Pelargonium 
odoratum; it has been synthesised from geraniol and d-glucose with emulsin 
{Bourqueht and Bridel, C. r. 167, 72; idem, J. Pharm. Chim. (7) 8 , 204), and 
from geraniol and acetobromoglucose {Fischer and Helferich, Ann. 388, 77). 

Plcrocrocin, CieHaeO,, m.p. 166®, [ajo— 68 ® (tetracetate m.p. 143®; 
tetracetate-semicarbazone m.j). 106®), is a terpene glucoside obtained from 
various kinds of Crocus {Safran aqutla, see Winter stein and Teleczky, Z. 
physiol. Chem. 120, 141). Hydrolysis yields a monocyclic aldehyde with 
two double bonds, safranal (dehydro-/?-cyclocitral), CioHi 40 (p. 127), which 
is an oil with an odour of saffron, b.p. 186—206®, and glucose {osazone m.p. 
206®) (see Kayser, Ber. 17, 2228; Wmterstein and Teleczky, Helv. 6 , 376; 
Torelli, C. 1923 IV 626; Lutz, Biochem. Z. 226, 97). The carbon skeleton 
of the aglucone is clear from its conversion into ^-cyclocitral (pp. 206 and 207) 
and into /?-cyclogeranic acid; the conjugation of the double bonds with 
each other and with the CO group gives it a high molecular refraction. Since 
the molecular refraction shows that in the glucoside itself one double bond 
is conjugated with the CO group, the glucoside, formed by the addition of 
glucose to one double bond of safranal, has been given the following con¬ 
stitution {Kuhn and WinUrstein, Ber. 67, 344): 
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The rotation of picrocrocin indicates that it is a /9-glucoside; its oxidation 
with lead tetracetate by the method of Criegee confirms the presence of the 
1:6-oxide ring. 

Picrocrocin is accompanied in nature by crocin CigH 22 (COOCi 2 H 2 iOii) 2 , 
the digentiobiose ester of crocetin (see table, p. 413). The fact these two 
compounds occur together gives a valuable insight into the biochemistry 
of the carotenoids (see p. 417, and Karrer and Salomon, Helv. 16, 643). 

(c) AROMATIC GLYCOSIDES 

Arbutin, Ci 2 Hig 07 • HjO, m.p. 142®, anhydrous m.p. 194®, [a]D —62*16®, 
and methylarbutin, CigHigO,, m.p. 160®, anhydrous 175®, [a]D —63®, are 
found in the leaves of the bearberry {Arctostaphyloa [^Arhutus^ uva urai) 
and the pear {Pyrus communis) {Schiff, Ann. 206, 169), and in the former is 
the cause of the dark colour of the leaves. Hydrolysis with emulsin or dilute 
acids gives hydroquinone or its methyl ether and glucose {Strecker, Ann. 
107, 228; Moelwyn-Hughes, Trans. Faraday Soc. 24 (1928), 309); it is also 
hydrolysed in the animal organism and eliminated in the urine as a con¬ 
jugated sulphuric or glucuronic acid (Bass, Z. exp. Path. Therap. 10 (1911), 
120; Bourquelot And Fichtenholz, C. r. 164, llOli; J. Pharm. Chun. (7) 6, 425). 
The two compounds have been synthesised from the alkali salts of hydro¬ 
quinone or hydroquinone methyl ether and acetobromoglucose {Michael, 
Her. 14, 2098), and also by the action of the enzyme emulsin on the com¬ 
ponents {Bayliss, J. Physiol. 43, 465; Bohertaon and Walters, J. 1930, 2729). 
Arbutin is converted into methylarbutin with CHgt and methyl alcoholic 
KOH {Schijf, Ber. 16, 1841). 

The glucosideof benzyl alcohol is said to occur in maize and in tolu balsam. 

Salicin, CigH^gO^, m.p. 201®, [a]D — 62*6®, has been obtained from the 
bark and the leaves of the willow (Salix helix) and of various species of 
poplar, and from the leaf-buds of Spiraea ulmarm {Piria, Ann. 96, 378; 
Moelwyn-Hughes, Trans. Faraday Soc. 24 (1928), 309). 

Salicm was discovered in 1830 almost simultaneously by Leroux (Ann. 

43; 30, 151) and by Buchner (Rep. Pharm. 29, 411). Its nature and com¬ 
position were established by Piria (Ann. 66, 36) in a detailed investigation. 

Salicin is hydrolysed by the enzymes ptyalin and emulsin into saligenin 
(salicyl alcohol) H 0 (l)CgH 4 ( 2 )CH 20 H, m.p. 86®, and glucose; dilute acids 
also hydrolyse it, but the saligenin is hereby resiiiified to saliretin. Oxid¬ 
ation with HNOg converts it to helicin (see below), the glucoside of sali- 
cylaldehyde {Schiff, Ann. 164, 14), while KMn 04 gives glucosalicylic acid 
{Tiemann and Reimer, Ber. 8, 616); hence the saligenin is attached to the 
glucose through the phenolic 0-atom. 

Populin {henzoyl-salicin), C2oH220g, m.p. 180®, [a]D —53®. occurs in the 
bark of the aspen {Populus tremuJu) {Piccard, Ber. 6, 890). Its constitution 
is shown by its hydrolysis with baryta to salicin and benzoic acid {Schmidt, 
Ann. 119, 92), and by its partial synthesis from salicin and benzoyl chloride 
{Schiff, Ann. 164, 1). Acid hydrolysis of tetramethy 1-populin shows that 
the benzoyl group occupies the 6-position in the sugar molecule {Richtmyer 
and Yeakel, Am. 66, 2496). 

Hcliein, spirain, CigHig 07 , m.p. 174—176®, [a]D — 60*43®, is prepared 
from the roots of various species of Spiraea. Hydrolysis shows that it is 
the glucoside of salicylaldehyde. Its constitution is proved by its formation 
from salicin with nitric acid (see above) and its reconversion into this with 
Na amalgam {Piria, Ann. 96, 378), and by its synthesis from the K salt of 
salicylaldehyde and acetobromoglucose {Kopp, Ber. 12, 2260). 

Monotropitoside, monotropidin, CigHggOig-HgO, m.p. 92®, anhydrous m.p. 
179*6®, [a]D —67*66®, can be obtained from Monotropa hypopitys, the cherry 
birch, Betula lenta, and species of Spiraea {Karrer and Weidmann, Helv. 3, 
252). Its constitution as the primveroside of methyl salicylate has been 
proved by degradation and synthesis: careful enzymatic hydrolysis with 
primverosidase yields methyl salicylate and primverose (xylosido-glucose, 

23* 
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vol, I, 724; Helferich and Bauch, Ann. 466, 168; Ooris and Vischnictc, C. r. 
169, 871), while total hydrolysis with 3% H 2 SO 4 gives methyl salicylate, 
glucose and xylose {Bridel, C. r. 178, 1310; ibid. 177, 642; J. Pharm. Chim. 
(7) 6 , 217; Bull. Soc. chim. biol. 6 (1923), 133; ibid. 6 (1924), 669, 679; Bridel 
and Picard, C. r. 180, 1864). It has been synthesised in the following way: 
2:3:4-triacetyl-methyl-8alicylate-)3-glucoside, obtained from methyl-sali¬ 
cylate-/ 3 -glucoside via the 6 -trityl-ether, is treated with acetobromoxylose 
in benzene solution in the presence of AggO; the product is hexa-acetyl- 
monotropitoside CgiHggOig, m.p. 198®, [a]D — 86 * 8 ® (CHCI3) which is then 
de-acetylated {Boherison and Waters, J. 1931, 1881). 

Yiolutoside, methyl salicylate vicianoside, m.p. 168*6°, [a]D — 36*18°, 
obtained from Viola cornuta, can be hydrolysed to methyl salicylate, glucose 
and arabinose {Picard, C. r. 182, 1167). It has been synthesised from methyl 
salicylate, 2 : 3 : 4 -triacetyl-^-glucoside and triacetyl-arabinosyl bromide 
{Bobertson and Waters, J. 1932, 2770). 

Avenein, Ci 4 HigOg, m.p. 192®, [a]^) — 88*63®, which occurs in the roots 
and fruits of Avena sativa and the couch grass, Triticum repens, has been 
identified as glucovanillin, 0 :CH-CgH 3 *( 0 CH 3 )*( 0 CgH,j^ 05 ). It has been 
synthesised by the method of Michael (see p. 352, and Fischer and Baske, 
Ber. 42, 1466); it is also obtained by the oxidation of coniferin (p. 367) 
with CrOg {Tiemann, Ber. 18, 1695; Tiemann and Kies, ibid. 1657). 

Prlmulaverin, CjoHagOig, m.p. 160°, [ajD — 67*11°, and the isomeric 
primverin^ m.p. 203®, [a]D — 71*63®, are found in the roots of the cowslip 
Primula veris. The enzyme primverase hydrolyses them to primverose 
( 6 -^-xylosido-gluco 8 c) and methyl m-methoxy-salicylate or methyl p- 
methoxy-salicylato, respectively. Primvonn has been synthesised in a similar 
way to monotropitoside (see above) {Jones and Bobertson, J. 1933, 1618). 

^-Olucosido-gallic acid, CuHigOjo, m.p. 193° (decomp.), [a]D —21*3°, is 
contained in rhubarb. For its synthesis see Fischer and Strauss, Ber. 46, 
3773; Fischer and Bergmann, Ber. 61, 1804). 

Syringic acid glucoside, CigHgoOio, ni.p. 225® (anhyd.), [a]D —18*18°, is 
found in the bark of Bobinia pseudacacia; it is also obtained by a biological 
synthesis from syringin (see p. 357). It has been synthesised from methyl 
syringate (the dimethyl ether of methyl gallato) and acetobromoglucose 
{Mauthner, J. pr, 82, 271), and from tetra-acetylglucosido-gallic acid by 
methylation and subsequent de-acetylation {Fischer and Bergmann, Ber. 
61, 1804). 

For dryophanthin, a glucoside of purpurogallin, see natural colouring 
matters, p. 426. 

The timnins, which are sugar-esters of phenol-carboxylic acids, chiefly 
gallic acid, are described in their own section, p. 391. 

Picein (piceo 8 ide), 8 aliiiigrin,Ci 4 Hia 07 , m.p. 194°, [a]5f —88*87°, a glucoside 
of the silver fir, Pinus picea, and of the sallow, Salix cinerea, is decomposed 
by emulsin and by dilute acids into piceol (p-hydroxy-acetophenone) CgHgOg, 
m.p. 109°, and glucose {Babate, Bull. Soc. Chim. biol. 12 (1930), 966; Jowett, 
J. 1932, 721). It has been synthesised from p-hydroxy-acetophenone and 
^-acetobromoglucose {Mauthner, J. pr. 88 , 764). 

Androsin, CigHgoOg 2 H 2 O, m.p. 223®, which occurs in the rhizomes of 
Apocynum androsaemifolium, is hydrolysed by emulsin to aceto-vanillone, 
CH 3 CO.CeH 3 .(OH)( 4 )(OCH 3 )( 3 ), m.p. 116®, and glucose {Moore, J. 96, 734). 
For its synthesis from the hydrolysis products, see Mauthner, J. pr. 97, 217; 
no, 123. 

Lusltanicoside, C 2 iH 3 oOio» m.p. 188®, from Portuguese cherry laurel leaves 
(Cerasus lusitanica), is decomposed by total hydrolysis into p-allyl-phenol 
(chavicol) CgHigO, d-glucose and rhamnose {Uirissey and Laforest, C. r. 
194, 1095; Hdrissey, ibid. 198, 265). 

Gefn^ geoside, CgiHagOn-HjO, m.p. 146®, [a]55 —63*80®, is isolated from 
the roots of the common water-avens {Oeum urbanum); enzymatic hydrolysis 
gives eugenol, (H 0 )(CH 30 ).CgH 3 .CHa-CH:CH 2 , and vicianose ( 6 -^-arabino- 
sido-glucose; see Helferich and Bredereck^ Ann, 4^, 166), which is decomposed 
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by dilute acids into d-glucose and Z-arabinose {Hiriseey and Cheymol, C. r. 
181, 666 ; J. Pharm. Chim. ( 8 ) 8 . 166; C. r. 184, 1307). 

Coniferin, C 16 H 22 O 8 -21120, [a]D — 66*9°, is present in the cambial sap 
of the Coniferae, in asparagus and in the viper grass, Scorzonera hispanica 
(v. Lippmann, Ber. 26, 3221; ZempUn^ Z. physiol. Chem. 86, 416). It loses 
water in the air, and, when anhydrous, melts at 186®. Moistened with 
phenol and cone. HCl it gives a deep-blue colour. It is hydrolysed by 
boiling acids or by the action of emulsin to coniferyl alcohol 
(4)(H0)( 3 )(CH30) - CeHa - CH: CHCHgOH, 
m.p. 74®, and d-glucosc {Tiemann, Bcr. 11, 672). Oxidation with CrOg gives 
glucovanillin (avenein), C 14 H 18 O 8 , m.p. 192® (see p. 356), while KMn 04 gives 
gill CO vanillic acid, C 14 H 18 OQ, m.p. 211—212® {Tiemann, Ber. 18, 1696). After 
subcutaneous injection of coniferin, the K salt of vanillin-glucuronic acid is 
found in the urine. The oxidation of coniferin to vanillin by air in ultra¬ 
violet light is of technical interest (Germ. Pat. 224,071); for the technical 
preparation of vanillin from coniferin, see Tiemann and HaarmanUy Ber. 
7, 613; Germ. Pat. 676 and 27,992. Coniferin has been synthesised {Pauly 
and Feuerstein, Bcr. 60, 1031). 

Syringin, Ci7H2409-H20, m.p. 191—192®, [a]n —17®, is contained in the 
bark of the lilac, Syringa vulgaris, the privet, Ligustrum vulgare, and jasmin. 
Emulsin yields syringenin, (CH 30 ) 2 (H 0 )- 04112 -CHrCH.CHgOH, and glucose. 
It has been proved by oxidation that the glucose residue is attached to the 
phenolic hydroxyl, as in coniferin. When it is administered by the mouth, 
syringin is degraded to syringic acid (CH 30 ) 2 (H 0 )-CgHg-COOH, m.p. 208®. 
Syringin has been synthesized as follows: syringic aldehyde is obtained by 
the condensation of pyrogallol-1:3-dimethyl ether with chloral, followed by 
oxidation; this aldehyde is condensed with acetaldehyde to yield 
OCH - CH: CH - CgHg - (OCH3)2( 3:6)(OH)( 4), 
the K salt of which is allowed to react with acctobromoglucose; the glucosido- 
aldehyde is reduced to the alcohol with yeast, and the acetyl groups removed 
by gentle hydrolysis {Pauly and Strassberger, Ber. 62, 2277). 

Mclilotoside, CigHigOg-HgO, m.p. 240—241®, [a]i) -j- 68*1®, obtained from 
the flowers of Melilotus altissima and arvensis, is hydrolysed by emulsin to 
o-coumaric acid HO•C 4 H 4 -CH:CH.COOH, and glucose {Clmraux, Bull. Soc. 
Chim. Biol. 7 (1926), 1056). It has been synthesised from helicin (p. 355) 
and raalonic acid {Shinoda and Imaida, J. pharm. Soc. Japan 64 (1934), 107). 
This glucosidc is interesting, because it forms a link with the next group of 
glycosides, which are derived from coumann, the compound responsible 
for the scent of the woodruff {Asperula odorata). 

The coumarin glycosides are derivatives of the lactone of o-hydroxy- 
cinnamic acid. The action of alkali on their aglucones therefore 
gives derivatives of o-coumaric acid. As they are benzo-a-pyrones, 
they are converted by ammonia into a-hydroxy-quinolines. The 
action of alcoholic potash upon their dibromides gives coumarones, 
which contain a five-membered heterocyclic ring. 

The ring-system of coumarin can be built up from the requisite 
phenol and a ^-aldehydo- or ^-keto-acid and sulphuric acid {v. Pech- 
mann and Duisberg, Ber. 16, 2119; v, Pechmann, ibid. 17, 929; v, Pech- 
mann and Cohen, ibid., 2187; Oattermann and Kohner, ibid. 32, 287; 
V. Pechmann and Krafft, ibid. 34, 423; Peters and Simonis, ibid. 
41, 830). 3-Hydroxy-coumarin derivatives can be prepared from 
their alkali fission products {Fantl and Salem, Biochem. Z, 226, 166), 
which are derivatives of o-hydroxy-benzaldehyde and glycollic acid 
{Willatdtter, Zechmeister and Kindler, Ber. 67, 1938). 

Skimmin, CigHjgOg • HjO, m.p. 210®, present in Skimmia japonica, is 
decomposed by hydrolysis into skimmetin (umbelliferone, 7-hydroxy- 
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coumarin) C^HeOj, m.p. 224®, and skimminose {EijkrmUj Rec. 3, 204). For 
attempts to synthesise it, see Mauihn&r, J. pr. 91, 174. 

Aesculin^ 2 H 2 O, m.p. 160®, anhyd. 206®, [ajo —146®, the glucoside 

of the horse chestnut {Aesculus hippocastanum) and of the wild jasmin (Qel’ 
semium sempervirena), is hydrolysed by emulsinto aesculetin, 6 :7-dihydroxy- 
coumarin C 9 Hg 04 , m.p. 270® and d-glucose {Olaser and Kraus, Biochem. Z. 
188, 183; Sigmund, Mo. 31, 657). The sugar residue is attached to the 6 -posi¬ 
tion of the dihydroxy-coumarin, since the methylation product of aesculin 
yields 6-hydroxy-7-methoxy-coumarin, m.p. 186®, on hydrolysis {8eka and 
Kallir, Ber. 64, 622). For its synthesis, see Head and Robertson, J. 1930, 
2434; Macbeih, J. 1981, 1288. (See also p. 614). 

Cichoriin^ - 21120 , m.p. 215®, [ajj) —104-6® (in dioxan), is a 

structural isomer of aesculin, found in the flowers of the chicory, Cichorium 
intyhua. Its constitution has been shown to be 6-hydroxy-7-glucosidoxy- 
coumarin by its conversion with diazomethane into the 6 -methyl ether of 
iso-aesculin (6-methoxy-7-glucosidoxy-coumarin) CieHigOg-HjO, m.p. 217®. 
This formula is confirmed by its synthesis from aesculetin and acetobromo- 
glucose {Merz, Arch. Pharm. 270 (1932), 476). 

Methyl-cichorilu^ methyl-iso-aeacuUn, Cj^HigOg, m.p. 228®, and scopolln, 
C 22 H 28 O 24 , m.p. 218®, which occur together in Scopolia japonica, give on 
hydrolysis scopoletin, 6-methoxy-7-hydroxy-coumarin, CioH 8 C 4 » ni.p. 
202—203®, and one and two molecules of glucose respectively {Seka and 
Kallir, Ber. 64, 909; Hend and Robertson, J. 1931, 1241; Chou, C. 1931 II 
2891; Merz, N. 21, 167). 

An isomer of aesculin, daphnin, CigH^eOg- 21120 , m.p. 200® (decomp.), [ajo 
— 62®, occurs in the bark of the spurge laurel {Daphne alpina). Total hydro¬ 
lysis gives daphnetin, 7:8-dihydroxy-coumarin, C 9 He 04 , m.p. 266® and one 
molecule of glucose. Its formulation as 7-gluco8idoxy-8-hydroxy-coumarin 
is confirmed by its synthesis {Wessely and Sturm, Ber. 62, 116; 68 , 1299; 
Leone, Gazz. 65 (1926), 673). 

Fraxin, CuHigOio* m.p. 206®, is found in the ash {Fraxinus excelsior) and 
in species of Aesculus, From the hydrolysis products, fraxetin, 0-methoxy- 
7: 8 -dihydroxy-coumarin CjoHgOg, m.p. 227—228®, and glucose have been 
isolated {Wessely and Demmer, Ber. 61, 1279). The sugar component was 
shown to be in position 8 by a comparison with synthetic alkylation products 
{idem, Ber. 62, 123). 

Chellol-glucoside, Ci,^ 2 o^io (I)> ^ bright-yellow substance m.p. 176®, 
found in the fruits and seed-pods of Ammi visnaga, a plant gi’owmg on the 
Nile which is known by the Arabs as “chellah”. It can be hydrolysed by 
acids to chellol C 13 H 10 O 5 (II), m.p. 179®, and glucose; fission with alkali yields 
a phenolic aldehyde C 11 H 10 O 4 (III), m.p. Ill®, and d-glucosido-glycollic 
acid C 9 H 14 O 8 , m.p. 163—167®. These results may be expressed in the following 
formulae {Fantl and Salem, Biochem. Z. 226, 166): 



For the glycoside nodakenin^ which contains a furo-coumarin skeleton, 
see p. 600. 

Hydrangenol (I), Ci 5 Hi 204 , m.p. 181®, a member of the isocoumarin 
series, occurs partly as glucoside in the flowers of the garden hydrangea 
{Hydrangea opmoidea); its hydroxy methyl ether, phyllodulcin (II), C 19 H 14 O 5 , 
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m.p. 106—110®, is present in the leaves of the same plant. The constitution 
of the former has been proved by the following degradation {Asahirui and 
Asano, Ber. 62, 171; 68, 429): 


CHo 


|CH.<^ ^OH 


OH CO 


CH 



reduction 
mcthylation 
oxidation (KMiiO,) 


KOH- 

fusion 


I 

Dimethyl ether-methyl ester 
'I' Ozone 



p-hydroxy- 
^ benzoic acid 



COOH 


, p-mothoxy- 
^ benzoic acid 


COOCH, 


p-methoxy- 

hydrocinnamic 
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The formula of phyllodulcin (II) is based on a corresponding series of reactions. 
Both compounds may be built up by a method based upon Gabriel’s benzal- 
phthalidc synthesis {idem, Ber. 63, 2059; 64, 1262). 

The bitter substance bergenin Ci4Hie09-Ha0, m.p. 141®, anhyd. 234®, 
[a]D — 51®, is isolated from the rhizome of the saxifrage Saxifraga craasi- 
folia {Tchitchibahin, Ann. 469, 93); this also is an iso-coumarin derivative. 
Of the 9 oxygen atoms present, 6 are shown by Zerevitinov’s method to be 
present as hydroxyl, and 2 of these are phenolic (di-Na salt, dimethyl ether); 
further, the presence of a lactone group is shown by titration, and there 
is also one methoxyl group. Oxidation of dimethyl-bergenin with permangan¬ 
ate throws considerable light upon its structure: in addition to trimethoxy- 
o-phthalic acid, 5:6:7-trimethoxy-isocoumarin-3-carboxylic acid and 6:6;7- 
trimcthoxy-isocoumarin are obtained. The proof of the ring-system is based 
further upon the conversion of both of the latter degradation products and 
of bergenin itself into the corresponding isoquinoline derivatives {Tchitchi- 
habin, Russ. Pat. 16,110; C. 1932 I 3322^). Fusion of bergenin with potash 
yielded 4-methoxy-3:6-dihydroxybenzoic acid; this gave the position of the 
methoxyl group in the isocoumarin ring. The aliphatic residue of the mole¬ 
cule, C4H9O4, with 4 active H-atoms and 4 hydroxyl groups capable of 
acetylation, could only be an erythritol side-chain. These experimental 
results are expressed in the following formula: 



CH; 


V)—CHOH • CHO H • CHOH • CH,OH. 




Phlorrhizin, asebotoaide, C8iH240io»2H20, m.p. 109®, anhyd. 171®, [a]D 
— 60*02®, is closely related to the flavanone glycosides treated below. It 
is found in the bark of the roots of various fruit trees, hence its name, from 
<pXoQ6g bark, and root {Fiacher, Ber. 21, 988); it is also present in Roaacem 
and Ericaceae {Bridel and Kraner, C. r. 198, 748) and in the leaves of Kalmia 
latifolia {idem. Bull. Soc. Chim. Biol. 15 (1933), 631). It produces strong 
glucosuria (Klin. Woch. 16, 431). The glucoside is hydrolysed by emulsin 
or by hot dilute mineral acids into glucose and 'phloretm 

(4')(HO). CeH4. CH2 • CH2 • CO • CeH2(OH)a(2:4:6), 

m.p. 248® {Bridel, J. Pharm. Chim. (8)12, 386; Bull. Soc. Chim. Biol. 12(1930), 
921; Moelwyn-Hughea, Trans, Faraday Soc. 24, 309); the latter is decomposed 
by concentrated alkali into phloretic acid, p-hydroxy-hydrocinnamio acid 
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m.p. 128®, and phloroglucinol CgHjOa {Strecker, Ann. 74, 184; 
Schifff Ann. 166, 1). Phlorrhizin itself undergoes fission with alkali to give 
phloretic acid and phloroglucinol-glucoside, CigHigOe, m.p. 239® (dec.), [a]D 
— 74*79® (synthesis: Fischer and Strauss, Ber. 46, 2467; Gremer and Seuffert, 
ibid. 2666). For the synthesis of phloretin from phloroglucinol and acetyl- 

S hloretic nitrile, see Fischer and Nouri, Ber. 60, 611; Wessely and Sturm, 
[o. 63/64, 664. Since the phloretin derivative 

(CH30)2(H0) . CeH^. CO • CH^ • • C.H4(OCH3), 

m.p. 110®, obtained by the removal of glucose from the trimethyl ether of 
phlorrhizin (m.p. 76®), is identical with synthetic unsymmetrical trimethyl- 
phloretin, and further since this can be converted by Na acetate and acetic 
anhydride into the corresponding methyl-benzopyrone compound C 20 H 20 O 6 , 
m.p. 166®, the sugar group in phlorrhizin must occupy one of the ortho¬ 
hydroxyl groups (Johnson and Robertson, J. 1930, 21). Its pyranose structure 
follows from the formation of 2:3:4:6-tetramethylglucose m.p. 94®, together 
with trimethyl-phloretin, by the hydrolysis of phlorrhizin-heptamethyl 
ether (Muller and Robertson, J. 1933, 1170). 

The leaves of Smilaz glycyphyUa contain glycyphyllin, C21H24O9-31120, 
m.p. 176—180®, the rhamnoside of phloretin (Wright, Rennie, Chem. News 64, 
268; J. 39, 237; 49, 867). 

The constitution of the flavanone glycosides has been fully con¬ 
firmed by the fact that on reduction they are converted into the 
corresponding anthocyanidins (Asahina and Inubuse, Ber. 61, 1646; 
Asahirva, NeJeagome and Inubuse, Ber. 62, 3016); the spectroscopic 
results also point to a benzopyrane ring-system (Shibata and Nagai, 
Acta Phytocnim. 2 (1924), 25). Energetic methylation or acetylation 
opens the ring to give chalkones (Asahina, Shinoda and Inubuse, 
J. Pharm. Soc. Japan 1927, 133; Shinoda and Inubuse, ibid. 48, 29; 
Asahina and Inubuse, Ber. 61, 1514); see natural colouring matters, 
p. 436. 

Liquiritin, C21H22O9, m.p. 212®, the glycoside of Glycyrrhiza glabra (Radix 
Liquiritiae), has as its aglycone liquiritigenin, C 15 H 12 O 4 , m.p. 207®, a 7:4'- 
dihydroxy-flavanone (diacetate m.p. 186®, oxime m.p. 178®). The structure 
of this follows from its fission with 60% KOH to resacetophenone, m.p. 144®, 
(oxime m.p. 204®), and p-hydroxybenzoic acid, m.p. 210®; the positioh of 
the glucose residue is shown to be on the 4'-hydroxyl by the action of alkali 
on liquiritin methyl ether, which gives paconol, m.j). 52® (oxime m.p. 131*5®), 
and p-hydroxybenzoic acid (Shinoda and Ueeda, Ber. 67, 434). 

Citronin, C22H240io, from species of Citrus, is the glucoside of citronehn, 
C 16 H 14 O 6 , m.p. 225®, which is identified as 6 :7-dihydroxy-2'-mothoxy- 
flavanone by its synthesis from phloroglucinol and o-methoxy-cinnamal- 
dehyde (Shinoda and Sato, J. Pharm. Soc. Japan 61 (1931), 78). 

Naringin, C27Hg20i4, a yellowish substance, m.p. 171® (anhyd.), [a]D 
—84*07®, is found particularly in the flowers and also in other parts of the 
tree Citrus decumarut, which grows in Java (Will, Ber. 18, 1316). The name 
of the glucoside is derived from “naringi”, the Sanskrit word for orange. 
Hydrolysis with dilute acids yields (Asahina and Inubuse, Ber. 61, 1614; 
Zeller, Ind. Eng. Chem. 10, 364) glucose, rhamnose and naringenin CigHigOg, 
m.p. 248® (6:7:4'-trihydroxy-flavanono; synthesis: K, Rosenmund and 
M. Rosenmund, Ber. 61, 2608). The latter is decomposed by KOH into 
phloroglucinol and p-hydroxy-cinnamic acid (Will, Ber. 18, 1316; 20, 297); 
it is hydrogenated catalytically to phloretin (p. 369), and is reduced by 
Na amalgam to the corresponding benzopyrylium compound, apigenidin 
(apigenidin chloride, m.p. > 300®, deep-violet) (Asahina and Inubuse, Ber. 
61 , 1646; 62, 3016). 

Sakuranin^ C22H240io, white needles, m.p. 212®, [aju —106®, is the glucoside 
from the Japanese cherry tree Prunus pseudocerasus. Its constitution is 
based upon its degradation to sakuranetin CieHi 405 , m.p. 160® (7-monomethyl 
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ether of naringenin), and upon its synthesis {Aaahina, Shinoda and Inubuse, 
J, Pharm. Soc. Japan 1927, 133; Shinoda and Sato, ibid. 48 (1928), 109, 117). 

Hesperidin, dioamin, haroamin^ C 28 H 84 O 15 , colourless, m.p. 261®, occurs in 
unripe oranges and lemons ( Tiemann and Will, Ber. 14, 948). Hydrolysis gives 
glucose, rhamnose, and heaperetin CieHi 40 e, m.p. 228® (6:7:3'-trihydroxy- 
flavanone); alkali fission of the latter gives phloroglucinol and hcsperetic acid, 
m.p. 238® (isoferulic acid, p-methoxy-m-hydroxy-cinnamic acid) (see Aaahina, 
Shinoda and Inubuse, J. Pharm. Soc. Japan 48 (1928), 29; Shinoda and Sato, 
ibid. 49 (1929), 6 ; Aaahina and Inubuae, ibid., 11). The synthesis of hesperetin is 
described by Shinoda and Kawagoye, ibid. 48 (1928), 119). 

The flaTones, flavonols and anthocyanidins, and probably brasilin 
and haematoxylin also, occur in plants almost entirely as glycosides; 
these are described under the natural colouring matters, p. 440. 

The isoflavone glycosides differ essentially from those of the isomeric 
flavones in giving derivatives of phenyl-benzyl ketone and formic acid 
when they are decomposed with alkali; by treatment of the ketone 
with formic ester or with acetic anhydride and sodium acetate the 
ring can be closed once more to the corresponding isoflavone. 

Baidzin (1), CjiHgoO^, almost colourless needles of m.p. 236®, [a]D —36*7®, 
from Soja hiapida, is hydrolysed to glucose and daidzein (7:4'-dihydroxy- 
isoflavone) C 15 H 10 O 4 , m.p. 323® (dimethyl ether m.p. 164®; diacetate m.p. 
181®); alkali &sion of the latter gives the ketone (II), C 14 H 12 O 4 , m.p. 19^, 
and formic acid, from which components it can be once more budt up {Weaaely, 
Komfeld and Lechner, Ber. 66 , 686 ; Mahal and Rai, and Venkataraman, 
J. 1934, 1769). After complete methylation, alkali fission gives the ketone 
(III), (HO) 2 CeH 3 .CO.CH 2 -CeH 4 (OCH 8 ), m.p. 168®, and hence the glucose 
molecule must be attached to the 7-hydroxyl of the benzopyrone ring {Walz, 
Ann. 489, 129). The following formulae show these degradations: 


HOI 
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II ' ■ —■' then _ _ ^ ^ 
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A partial synthesis has been described from 2-methyl-7:4'-dimethoxy- 
isoflavone, via the 2 -benzylidene-compound and the 2 -carboxylic acid {Baker, 
Robinson and Simpson, J. 1933, 274). 

Ononin, C 22 H 22 O 9 , m.p. 210®, the 4'-methyl ether of daidzin, occurs in the 
roots of the restharrow. Ononis spinoaa {Hemmelmayr, Mo. 23, 144; 25, 666 ). 
Its various fission products are shown in the following scheme (Weaaely 
and Lechner, Mo. 67, 396): 


CeHnO*. 



Acids Baryta 

— ->Glucose+Formononetin m.p. 266® - —^-Ononetin, m.p. 168®-fHCOOH 

(7-hydroxy-4'-methoxy-isoflavone) (HO) 2 C 9 H 3 • CO • CHg • CeH 4 (OCH 3 ) 

Barsrta Acids 

— -►HCOOH-f-Onospin, m.p. 172®->Ononetin, m.p. 168®-f-Glucose. 

(Glucosido-ononetin) 
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The constitution of ononetin has been established by synthesis; when con> 
densed with formic ester it is reconverted to formononetin ( Weaaelyj Komfeld 
and Lechner, Ber. 66, 686; Weaaely^ Lechner and Dinjaaki, Mo. 68, 201). 

Oenistin^ CjiHjqOio, yellow plates m.p. 264—266®, [a]D —27*7®, is found 
with daidzin in 8oja hiapida. Hydrolysis with acids yields genistein 
m.p. 297—298® (6:7:4'-trihydroxy-isoflavono) and glucose; alkali fission of 
the aglucone gives HCOOH and the ketone (HO) 8 C 8 H 2 *CO*CH 2 -CeH 4 (OH), 
m.p. 263—267®, the constitution of which is shown by the products of its 
fusion with potash, viz. phloroglucinol and p-hydroxy-phenylacetic acid. 
As the completely methylated genistin is hydrolysed by acids to 7-hydroxy- 
6; 4'-dimethoxy-isoflavone, the glucoside itself must be 7-glucosidoxy-6;4'- 
dihydroxy - isofla vone. 

Baptisin, C27H82O16, m.p. 240®, [ajn —61®, and pseudo-baptisin, 
C 28 H 280 i 4 - 3 H 20 , m.p. 247—248®, [ajo —101*1®, are found in the roots of 
Baptiaia tinctoria. Acid hydrolysis yields respectively baptigenin, C 15 H 10 O 7 
(I), m.p. > 260®, and 2 mol. rhamnose, and pseudo-baptigenin CjeHioOg (II), 
m.p. 298®, d-glucose and rhamnose. The constitutions of the two aglycones 
(I) and (II) have been established by the usual method of alkali degrada¬ 
tion {Oorter, Arch. Pharm. 235 (1897), 303; 244 (1906), 401; Spath and 
Schmidt, Mo. 63 / 64 , 464): 



The position of the sugar residues is still undetermined. yB^^pfig^nin has 
been synthesised in two ways, from resorcinol and 3:4-methyleiie-dihydroxy- 
co-bromacetophenono (A), and from resorcinol and 3:4-methylene-dihydroxy• 
benzyl cyanide (B), via the following intermediates {Spath and Lederer, 
Ber. 68 , 743): 
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Tectoridin, C2tH220ii, m.p. 268®, a glucoside from the rhizomes of Iris 
tectorum (Japan), gives with hot dilute sulphuric acid glucose and tectorigenin 
CieHjgOe, m.p. 227®; alkali fission of the latter gives p-hydroxy-phenylacetic 
acid and the ketone {H 0 ) 3 -(CH 30 )C(,H*C 0 *CH 2 CeH 4 ( 0 H), which is further 
converted into iretol, m.p. 186® (l:3:6-trihydroxy-4-methoxy-benzene); 
hence the aglucone is 6:7:4'-trihydroxy-6-methoxy-i8oflavone. 

The root-nodules of the Florentine orris {Iris florentina) contain the 
glucoside Iridin C24H2eOi3. HgO, white needles m.p. 208®, anhyd. m.p. 217®. 
Hydrolysis with H 2 SO 4 yields glucose and irigenin CigHnOg, m.p. 186®, 
which is degraded by cone. KOH to iridic acid CjoHigOg, m.p. 118® (3-hydroxy- 
4:6-dimethoxy-phenylacetic acid), iretol, C 2 H 8 O 4 , m.p. 186® (see above) and 
formic acid. Iridic acid can be decarboxylated to iridol C 2 H 12 O 3 , m.p. 67® 
(3-hydroxy-4:6-dimethoxy-l-methylbenzene) {de Laire and Tienumn, Ber. 
26, 2010; Nickel, Chem. Ztg. 18, 631). The final formula for the glucoside 



has been proved by synthesis {Baker, J. 1928, 1022; Baker and Robinson, 
J. 1929, 162; Shinoda and Sato, J. Pharm. Soc. Japan 52 (1932), 139). 

The xanthone glycosides, e.g. euxanthin, are described under 
natural colouring matters (see p. 452). 


Among the phenol resins which occur in nature (see Tannins, p. 397) there 
is one substance which is a glycoside. This is arctiin, C 27 H 34 O 11 • HgO, which 
is prepared from the seeds of the burdock Arctium Ixippa {Shinoda and 
Kaimgoye, J. Pharm. Soc. Japan 49 (1929), 94). The aglycone arctigenin 
C 21 H 24 O 6 , a-form m.p. 102®, [a]D —28‘69® (methyl ether m.p. 131—13^), is 
converted on heating for some time into the j^-form, m.p. 92®, [a]D +83*69®; 
it is a lactone, and the lactone ring can be opened to arctigenic acid, a-form 
m.p. 131® (methyl ether m.p. 97—98®), p-form m.p. 82®. Its ethyl ether is 
oxidised by KMn 04 to degradation products which are typical of this class 
of compound, veratric acid and ethyl-vanillic acid {Shinoda, J. Pharm. 
Soc. Japan 49 (1929), 183; Omaki, ibid. 65 (1935), 169). It therefore has 
the following constitution (see Haworth and Kelly, J. 1936, 998): 


CHoOf^ Y 


C«IL,0,.Ol 


I 


m / h'^ch^ 


v/'OCHg 
XH 3 

The anthranol glycosides are hydrolysed to products which show 
a yellow colour and a green fluorescence on the addition of borax 
(Schoutelen*^ reaction for anthranols or anthrones). The aglucones 
are converted by oxidation in air into the corresponding anthra- 
quinones. For their physiological action, see p. 496. 


Aloiu, aloe-emodin-anthranol-d-arabinoside, CgoHgoOg^^/aHaO, which 
occurs in most kinds of Aloe, gives, when boiled for half an hour with borax 
solution and then acidified, aloe-emodin-anthranol (l:8-dihydroxy-3-hydroxy- 
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methyl-anthran-9-ol) C 16 H 12 O 4 , m.p. 196®; this can be oxidised to aloe- emodin 
(cf. p. 429), and reduced to chrysophanol-anthranol {Roaenthakr, C. 193413347). 
The fact that the glucoside does not give at first the anthranol reaction 
shows that the sugar component occupies the meso position {Hauae.r, C. 1931 
II 1709; RoaenthaUr, Arch. Pharm. 270 (1932), 214; C. 1932 I 3320). 

Barbaloin, CgoHigO®, which accompanies aloin, is probably an arabinoside 
of aloe-emodin {L4ger, Bull. 3 (1936), 435). 

Peristal tin (“Ciba”) from Cortex Rhamni purahianaCt contains the rhamno- 
sides of the anthranols of chrysophanic acid, frangula-emodin-monomethyl 
ether and cascarol. 

The anthraquinono glycosides, which arc very deeply coloured, are also 
described under the natural colouring matters (p. 427). 

(d) GLYCOSIDES WITH COMPLEX RING SYSTEMS 

This group includes the sterolins, the glycosidic compounds of the 
sterols. 

Sitosterol-d-glucoside, ip'uranol, CagHgoO®, m.p. 300-306®, is widely 
distributed in nature; it has been obtained from Trifolium pratenae, Ipomea 
purpurea, Cluytia aimilia, from the olive tree, from the leaves of Oinkgo 
biloba {Furukawa, C. 1932 II 3901), and many others {Power and Salway, 
J. 97, 231; Haar, Rec. 48 (1929), 726; Katti and Puntambekar, J. Indian 
Chcm. Soc. 7, 221; Katti and Shintre, Arch. Pharm. 268 (1930), 314; Pou)er 
and Moore, J. 09, 937; Tutin and Clewer, J. 101, 2221; etc.). For synthetic 
work, see Salway, J. 103, 1022. 

Phytosterolln, glorioaol, CjgHgoOg, m.p. 285—290® {tetracetate m.p. 167®), 
[a]D —22’4® (CHCI 3 ), is found in wheat germ {Nakamura and Ichiba, C. 1931 
I 3015) and in the tubers of the lily Glorioaa auperba {Clewer, Oreen and 
Tutin, J. 107, 842). Hydrolysis with 15% HCl in amyl alcohol gives glucose 
and phytosterol, m.p. 137®, [ajn—42® (acetate m.p. 127®), a mixture of sito¬ 
sterol and stigmasterol {Schmid and Bilowitzki, Mo. 49, 98). 

Spinasterol-glucoside, C84H560e, m.p. 280®, [ajn — 33® (in pyridine); see 
Heyl and Laraen, Am. 66 , 942. 

Under the name saponins there is grouped a large number of 
glycosides which are widely distributed in nature; these compounds 
give frothy, soap-like solutions (their name is derived from the 
Latin sapo, soap), and for the most part have an intensely bitter 
taste and a strong haemolytic action, which is increased by the 
addition of cholesterol {Windaus, Ber. 42, 238). Hydrolysis with acids 
yields various sugars (galactose, d-glucose, ?-arabinose) and the 
sapogenins (Hoffmann, Ber. 36, 2722). Because of their toxic proper¬ 
ties they are dealt with under the non-nitrogenous poisons (p. 512). 

For numerous glycosides with an aglycone of undetermined struc¬ 
ture, see van Rijn, Die Glykoside (Borntrager, Berlin 1931), and 
Bergmann andGierth, Klein’s Handbuch der Pflanzenanalyse, Vol. Ill, 
p. 1173 et seq. {Springer, Vienna 1932). 

(e) NITROGENOUS GLYCOSIDES 

The prussic acid glycosides are characterised by the formation of 
HCN as well as of the aglycone and sugar when they are hydrolysed 
by emulsin. With alkali they are hydrolysed as nitriles, and subse¬ 
quent treatment with dilute acid yields the corresponding a-hydroxy- 
acid and the sugar component. One. HCl hydrolyses them direct 
to hydroxy-acid, sugar and ammonia. 

The active principle of the nitrile-glycosides is the HCN set free 
from them by hydrolysis. ' This acts as a stimulant in small doses 
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(“kirsohwasser’’), but in greater concentrations it has a paralysing 
effect upon the respiratory centres. It is also a strong poison for 
the ferments of the living cell, with the exception of the plant protease 
g^ain from the melon tree {Carica 'papaya), which is activated by 

Ltnamarln (phaseolunatin), CioH„0«N• HgO, m.p. 142®, [a]D — 29*1®," is 
found in young flax {Linum usitatissimum) and in Phaseolus lunatris. Hydro¬ 
lysis with emulsin yields acetone, glucose and HCN (Dunstan and Henry, 
Proc. Roy. Soc. 72, 286); aqueous alkali forms ammonia and phaseolunatic 
acid, CioHigOg, which is hydrolysed by dilute sulphuric acid to a-hydroxy- 
isobut 3 rric acid and glucose {Power and Lees, J. 87, 349). It has been 
synthesised by a method similar to that for mandelic nitrile glucoside (see 
p, 366, and Fischer and Anger, Ber. 52, 864; C. 1918 I 1163). 

Hiptagin, OioHi 409 N 2 -^/ 2 H 20 , m.p. 110®, [a]D -f-3*6®, which occurs in the 
root-bark of Hiptaga madablota, is hydrolysed by acids to glucose and, 
instead of the expected hiptagenin, tartronic acid, ammonia and HCN; dry 
distillation gives COj, NHg and hiptagenic acid C 3 H 5 O 4 N, m.p. 68 ® {Oorter, 
C. 1921 I 91). 

The oily seeds of Gynocxirdia odorata yield the glucoside gynocardln 
CigHijOgN, m.p. 163®, fa]D-h72*6®. An enzyme from Oynocardia hydro¬ 
lyses it to the diketone C 9 H 8 O 4 (?), glucose and HCN; baryta gives an acid 
C7 Hi908 ( ?) {de Jong, Rec. 80 (1911), 220; Brill, Philippine J. Sci. 12 
(1917) A, 37; Floriani, C. 1929 1 761). 

Amygdalin, ^-mandelic nitrile gentiobioside, C 20 H 27 OJ 1 N, or 
CeH 5 CH(CN)OCi 2 H 2 iOio* 3 H 20 , m.p. 2150 (anhyd.), [a]i> -- 40*5O, 
white shining plates, is found in bitter almonds, in the fruit-kernels 
of many species of Prunus, such as in cherries, peaches, apricots, etc., 
and in the leaves of the cherry laurel. 

History: — Amygdalin was discovered in 1830 by Robiquet Boutron- 
Ckalard (A. ch. phys. [2] 44, 362); its nature and constitution were ex¬ 
plained by Liebig and Wohler (Ann. 22, 1); it was synthesised by Haworth 
(J. 126, 1337) by the process suggested by E. Fischer (see p. 366, and Fischer 
and Bergmann, Ber. 50, 1047). 

When it is boiled with dilute acids, or left to stand with water and emulsin, 
an enzyme contained in bitter almonds, amygdalin decompooes into two 
molecules of glucose, henzaldehyde and HCN {Hesse, Ann. 170, 114). The 
enzyme from the intestine of the snail yields benzaldehyde-cyanhydrin and 
the disaccharide gentiobiose ( 6 -j?-glucosido-glucose, vol. I, p. 728) {Haworth 
and Wylam, J. 123, 3120; Kuhn, Ber. 56, 857). 

With yeast, amygdalin splits off only one molecule of glucose, and gives 
prunasin^ 2-mandelic nitrile glucoside CeH 6 CH(CN) 0 C 9 Hii 05 , m.p. 148®, 
[a]D — 27®, which also occurs in various species of Prunus {Hirissey, J. Pharm. 
Chim. ( 6 ) 20, 194), and in Photina serrulata {Power and Moore, J. 97, 1099) and 
Eremophila nmculata {Finnemore and Cox, Proc. Roy. Soc. N.S.W. 08 (1930), 
172). Emulsin decomposes it into henzaldehyde, HCN and glucose with 
the intermediate formation of d-raandelic nitrile; cone. HCl gives glucose, 
ammonia and Z-mandelic acid {Fischer, Ber. 28, 1508). 

If amygdalin is boiled with alkalis, ammonia is evolved with the formation 
of amygdalic acid C3H5CH(COOH)OCi2H2iOiq; this compound has been 
isolated in combination with amygdalin as laurocerasin (amorphous amyg¬ 
dalin) from the leaves of Prunus Laurocerasus {Schiff, Ann. 164, 339). 

Shaking with dilute baryta converts amygdalin into the isomeric iso- 
amygdalin, rac. amygdalin, [a]D — 47'6® {Dakin, J. 86 , 1612; ZempHn, Z. 
physiol. Chem. 85, 415); this is hydrolysed by yeast into glucose and prulaur- 
asln, d/-mandelic nitrile glucoside, m.p. 123—126®, [a]D —63*06® 

J. Pharm. Chim. ( 6 ) 20, 198). The latter compound has been isolated from 
the leaves of Prunus Laurocerasus {Caldwell and Courtauld, J. 91, 671), 
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and gives on hydrolysis with cone. HCl glucose, d,^mandelic acid and 
ammonia. It is isomeric with sambunigrin, d-mandelic nitrile glucoside, 
m.p. 161®, [a]D — 76*3®, which is obtained from the leaves of Samhuetta 
niger {Bourquelot and Danjou, C. r. 141, 698) and of Acacia glaucescena 
{Finnemore and Cox, Proc. Roy. Soc. 62 (1929), 369), and gives on hydrolysis 
with cone. HCl glucose, d-mandelic acid and ammonia. On treatment with 
baryta water it is racemised, like Z-mandelic nitrile glucoside, into pru- 
laurasin {Caldwell and Courtauld, J. 91, 671). 

The synthesis of prulaurasin, prunasin and sambunigrin (see Fischer and 
Bergmann, Ber. 60, 1047) has been carried out in the following way; the 
scheme also shows the relationships of the glucosides to each other: 

d,2-Mandelic ester -f- Aceto-brom-glucose 

'i Ag20 

Tetracetyl-glucosido-d,Z-mandelic ester 

I NHa 

d,i-Mandelamide-glucoBide 
fract. cryst. from pyridine 


Z-Mandelamide-glucoside d-Mandclamide-glucosidc 

I AC 2 O -f- pyridine | 

i-Mandelamide-glucoside-te trace tate d-Mandelamide-glucoside-tetracetate 
I POCI 3 I 

/-Mandelonitrile-glucoside-tetracetate d-Mandelonitrile-glucoside-tetracetate 
(Prunasin-tetracetate) (Sam bunigrin-tetracet ate) 

NH3 + CHaOH ^ 


d,Z-Mandelonitrile-glucoside 




I.c'** 





(-Mandelonitrile -glucoside 
(Prunasin) 
f Yeast 
(-Amygdalin 
(nat. product) 


d-Mandelonitrile -glucoside 
(Sambunigrin) 

Yeast 

d-Amygdalin 
(synth. product) 


Iso-amygdalin 
(d,(-Amygdalin) 


Amygdalin has been synthesised in an analogous way, starting from 
d,(-mandelic ester and heptacetyl-/9-bromogentiobiose {Campbell and Haworth, 
J. 126, 1337; Kuhn and Sobotka, Ber. 67, 1767). 

Yicianin, Ci9H260ioN, m.p. 147—148®, [a]D — 20*7®, obtained from the 
seeds of the wild vetch {Vida angustifolia), is hydrolysed by the enzyme 
vicianase to bcnzaldehyde, HCN and vicianose ( 6 -Z-arabino 8 ido-d-glucose, 
see Helferich and Bredereck, Ann. 466, 166); the latter is hydrolysed by 
emulsin to d-glucose and Z-arabinoso {Bertrand, C. r. 143, 832). 

Bhiirrin, C 14 H 17 O 7 N, occurring in the leaves of the great millet {Sorghum 
vulgare), is a p-hydroxy-mandelonitrile-glucoside. It is hydrolysed by 
emulsin to p-hydroxy-benzaldehyde, HCN and glucose, with alkali to NH* 
and dhurrie acid, C 14 H 18 O 9 , and with HCl to p-hydroxy-mandelic acid and 
glucose {Dunstan and Henry, Chem. News 86 , 301). 

The glucoside from Lotus arabicus, lotusin, C 2 gH 3 iOi 9 N, a pale-yellow 
substance of m.p. > 300®, is the cyanhydrin-glucoside of lotoflavin 
(6:7:2':4'-tetrahydroxy-flavone, see p. 444), C 15 H 10 O 9 , a yellow compound, 
m.p. > 200® {Dunstan Henry, Chem. News 84, 26). 
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^OSOgK 

The mustard oil glycosides, R-N—C—S CeHnOj, are hydrolysed 
by myrosinase (sinigrase), an enzyme complex of thioglucosidase 
and a sulphatase (Nevberg and v. Schoenebeck, N. 21, 404), into a 
mustard oil, KHSO4 and glucose. Silver nitrate decomposes them 
into the sugar and the Ag salt of the aglucone (Schneider, Fischer 
and Specht, Ber. 63, 2787), which is easily decomposed by alkali 
salts into a mustard oil and an alkali sulphate. The glucose is com¬ 
bined with the aglucone through the sulphur atom, as is proved by 
the isolation of thioglucose after hydrolysis with potassium methoxide 
(Schneider and Clibben, Ber. 47, 2218; Schneider and Wrede, ibid. 
2225). 

Mustard oils cause local inflammations of the skin, and after 
resorption cause irritation of the respiratory passages. Internally 
they promote secretion and resorption, hence their use as a spice; 
larger doses produce excitation and finally paralysis of the central 
nervous system. 


Sinigrin, ^'potassium myronate”, CioHi 80 ioS 2 NK, 

/OSOsK 

C3H5.N=C< .H^O, 

\S*C.HiiOe 

m.p. 127®, anhyd. 132®, [alo — 17*6®, is found in the seeds of the black 
mustard (Sinapis nigra)^ and also in the horse-radish (Cochlearia armorica) 
(Heiduschka and Zv^ergal, J. pr. 182, 201). Hot baryta or the ferment 
myrosinase contained in the mustard seeds hydrolyse it to d-glucose, allyl 
ifiothiocyanate CjHg'NrCrS, b.p. 151®, and potassium hydrogen sulphate 
(Oadamer, Ber. 80, 2322; Schneider and Wrede, Ber. 47, 2226; Wrede, Banik 
and Brauss, Z. physiol. Chem. 126, 210). 

The seeds of the rape, Brassica napua, contain glyconapin, the glucoside 
of crotonyl isothiocyanate C 4 H 7 *N:C:S, b.p. 179®. 

Glucoclieirolin, CnHaoNnSgNK-HgO or 


CH3. SO2 • CHg. CHa. CHa. N; 


^O-SOsK 


m.p. 160®, [a]i> — 21*5®, obtained from the seeds of the yellow wallflower^ 
Cheiranthus Gheiri, and from other Cruciferae, is decomposed by myrosinase 
into cheirolin CH 3 . S 02 -CH 2 .CH 2 -CH 2 .N:C:S, m.p. 48®, glucose and KHSO* 
(Schneider and Lohmann, Ber. 45, 2964; Schneider and Schutz, Ber. 46, 2634). 
With silver nitrate, the glucoside undergoes flssion to glucose and the silver 
salt of cheirolin-sulphate, which decomposes readily into sulphate and 
cheirolin (Schneider, Ann. 886 , 346). 

A homologuo of cheirolin, erysolin, C.HuO,S,N. 

CH,. SOs • CHj • CH,. CH,- CHj • N: C: S, 

m.p. 60®, occurs as a glucoside in Erysimum perowskianum. 

^O SOgK 

Glycotropaeolin, C 14 H 13 O 9 S 2 NK or CeHg CHa-NtC—S^CgHuOj, has been 
isolated from Tropaeolum maius, Lepidium sativum', enzymatic hydrolysis 
yields benzyl isothiocyanate CgHg-CHa-NrCrS, glucose and KHSO 4 , while 

• SOgAg 

AgNOg gives the Ag salt of tropaeolic acid, CeHg-CHa'NiC—SAg 
((Sadamer, Ber. 32, 2336). 

Sinalbin, C 3 oH 420 i 5 S 2 Na- 6 H 2 O or 

/0*S0a[N(CH3)8*CHa*CH2*00C*CH:CH*C«H2(0CH3)2(0H)] 

(p)(HO)*C3H4*CH2*N:C< 

\SC.H„0. 
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m.p. 84®, anhyd. 140®, [a]D — 8®, is found in the seeds of the white mustard 
{Sinapis alba). It is hydrolysed by myrosinase into glucose, sinalbin mustard 
oil p-(HO)CeH 4 .CH 2 .N:C:S, and sinapin aulphate 

(H0)(CH80)2C«H2. CH=CH. COO • CHj- CHj- N(CH3)3[S04H], 
m.p. 188®; sinapin decomposes readily into choline and sinapic acid 
(HO) . CH: CH. COOH 

(Oadamer, Ber. 80, 2327). 

^OSOaK 

Glyconastnrtiin, C15H20O9S2NK or C«H 6 *CH 2 *CH 2 *N:C—S-CeHnOg, is 
prepared from the seeds of the watercress Na>sturtium officinale. Its 
constitution as the glucoside of phenylethyl isothiocyanate has been proved 
in the usual way by fission with myrosinase and with AgN 03 {Oadamery 
Ber. 82, 2336). 

For the synthesis of mustard oil glucosides from the silver salts of thio- 
urothanes and acetobromoglucose, see Schneider^ Clibbens, Hullweck and 
Steibelt, Ber. 47, 1258. 

Finally, mention will be made here of the acid potassium salt of the 
nitrogen-free tribasic atractylic acid (carlinic acid) C 30 H 48 O 18 S 2 K 2 , m.p. 173®, 
[a]D — 64’4®. This is prepared from the poisonous roots of the thistle 
Atractylia gummifera (Carlina gummifera), which occurs in Mediterranean 
countries {Pitini, Arch. Farm, sperim. 20 (1920), 88 ). Complete acid hydro¬ 
lysis of the glucoside gives an aglucone C 14 H 22 O 4 , which has not been in¬ 
vestigated further, 2 mol. valeric acid CgHj^Og, 2 mol. KHSO 4 , glucose 
{Wunachendorff and Braudel, Bull. Soc. Chim. biol. 18 (1931), 768, 764). 
With KOH, atractylic acid gives at first potassium valerate C 4 H 9 *COOK, 
while continued hydrolysis yields j?-atractylic acid and KHSO 4 . The 
atractylin formed is converted by dilute acids into glucose and a dihydroxy- 
monocarboxylic acid, atractyligenin C 14 H 28 O 4 , m.p. 168®, not yet identified 
(Angelico, Gazz. 86 (1906), II, 636; 40 (1910), I, 403; Tocco, C. 1922 III 292; 
1923 III 676, 677). The following is given as a tentative formula (Ajello, 
Gazz. 68 (1933), 289; Wunachendorff and Valier, Bull. Soc. Chim. biol. 16, 
74, 80; Ajello, Gazz. 64 (1934), 69); 

H00C(H0)C,3H,2. O • C8H7O4(OH)2(C0C4H9)2(S03K)2. 

Nitrogenous derivatives of sugars occur in nature in three classes 
of organic compounds which are important for vital processes, in 
the carbohydrate chitin, which has a large molecular weight and 
forms the shells of Crustaceae, in the glycoproteins and nucleoproteins, 
which are constituents of certain proteins, and as a constituent of 
the cerebrosides of the brain and nerve substances. 

Chitin has been observed in the coil-membranes of fungi {Oilson, Ber. 28, 
821; Scholl, Mo. 29, 1023) and of various bacteria (Biochem. J. 26 (1932), 
1934, 1946). It is found in the homy wings of insects, e.g., the cockchafer. 
A useful source of this substance is found in the shells of Grustaceae, such 
as the lobster and crab (Ledderhose, Ber. 9, 1200). For the proof of the 
identity of plant and animal chitin, see Zechmeiater and Toth, Z. physiol. 
Chera. 228, 63; Diehl and van Iteraon, Kolloid-Z. 78 (1926), 142; Diehl, 
Chem. Weekblad 88 (1936), 36; van Iteraon, Meyer and Lotmar, Rec. 66 , 61. 
With supersaturated HCl in the cold chitin is converted into an amorphous 
chitodextrin of smaller chain-length (Zechmeiater, Oraaamann, Toth and 
Bender, Ber. 65, 1706); hydrolysis with cold cone. HCl followed by mild 
acetylation, however, or direct acetolysis, yields a crystalline chitohioae- 
octacetate C 2 gH 4 oOi 7 N 2 , with a 1; 4-oxide structure, together with acetates 
of higher molecular weight such as chitotriose-undecacetate C 4 QH 57 O 24 N 3 
(Zechmeiater and Toth, Ber. 64, 2028; Bergnutnn, Zervas and Silberkweit, 
ibid. 2436; N. 19, 20; Zechmeiater and Toth, Ber. 65, 161). Enzymatic 
hydrolysis with the ferment from snails gives as first product N-acetyl- 
chitosamine, m.p. 190® {Frdnkel and KoUy, Mo. 28,123; Karrer and Hofmann, 
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Helv. 12, 616; Karrer and Francois, ibid. 986; synthesis see Bergmann and 
Zervas, Ber. 64, 976; 66 , 1201), which is hydrolysed by hot cone. HCl to 
acetic acid and chitoaamine CaHigOgN (Tiemann, Ber. 17, 241; Neuherg, 
Biochem. Z. 48, 601). The identification of the latter as an a>amino- 8 ugar 
was carried out both by the preparation of the corresponding pyrazine 
{de Bruyn and van Ekenstein, Rec. 18 (1899), 77) and iminazole derivatives 
{Neuherg and Wolffs Ber. 34, 3840), and also by its conversion into oL-amino- 
caproic acid {Neuherg^ Ber. 85, 4009; Bergmann, Zervaa and Silberkweit, 
Ber. 64, 2428) via glucosaminic acid {Fischer and Tiemann, Ber. 27, 138; 
Fischer and Leuchs, Bor. 86 , 3787). That its configuration corresponds to 
that of glucose follows from the formation of a quaternary trimethylamino 
salt {F. Micheel and H, Micheel, Ber. 66 , 253), and the detection of d-glucosa- 
zone, m.p. 211 °, as the chief product of the deamination of chitosamine 
{Tiemann, Ber. 19, 60; Zechmeister and Toth, Ber. 66 , 522). Chitin can also 
be degraded by an enzyme complex present in extracts of fungi {Gra^smann, 
Zechmeister, Toth and Stadler, Ann. 608, 174) and in the emulsion of bitter 
almonds {Zechmeister, etc., Ber. 66 , 1706; Hedferich and Winkler, Z. physiol. 
Chem. 209, 269), which consists of a chitinaso and a jS-glucosidase {Orass- 
mann, Zechmeister, Bender and Toth, Ber. 67, 1). According to one view, 
the molecule of chitin is based upon the unit (C 3 oH 5 oOi 9 N 4 ) which is 
composed of 3 mols. of acetylamino-glucose and 1 mol. of aminoglucose 
{Irvine, J. 96, 564; Irvine and Hynd, J. 106, 698); the way in which the 
amino-sugar molecules are joined to each other is not yet fully understood. 
As chitin has no reducing properties, while the whole molecule is destroyed 
by the action of nitrous acid, there is the possibility that the combination 
involves the amino- and aldehyde-groupings, but this idea is not in agree¬ 
ment with the formation of chitopyrrole (l-n-hexyl- 2 -methyl-pyrrole) C„H„N, 
in the distillation of chitin with Zn dust {Karrer and Smirnoff, Helv. 6 , 832). 
An X-ray comparison of chitin and cellulose indicates the 1:4-structure and 
the presence of the /?-glucosidic link {Meyer and Mark, Ber. 61, 1936). 

Lycoperdin, C 13 H 24 O 9 N 2 , is obtained from a species of Lycoperdon, It 
reduces Fehling’s solution and gives the biuret reaction; its hydrolysis 
yields 2 mol. glucosamine and 1 mol. formic acid {Kotake and Sera, Z. 
physiol. Chem. 88 , 56). 

The term glycoproteins^ is used to describe a group of proteins 
composed of a protein and a component which contains an amino- 
sugar {Takahata, Z. physiol. Chem. 136, 82). The group is sometimes 
divided into the mucins and the mucoids, the former being preci¬ 
pitated by acids and the latter soluble in them. The hydrolysis of 
the glycoproteins is best carried out by digestion with pepsin. From 
the chemical point of view, the glycoproteins can be divided into 
two groups, which yield on hydrolysis a protein and 

(a) chondroitin- or mucoitin-sulphuric acid, or 

(b) a sulphur-free amino-sugar component. 

The synthesis of glycopeptides has been carried out by the condensation 
of aceto-halogeno-sugars with esters of amino-acids or with peptides {Maurer 
and Schiedt, Z. physiol. Chem. 206, 125), and by the reaction of 0-acylated 
amino-sugars with N-carbobenzoxy-amino-acid chlorides {Bergmann and 
Zervaa, Ber. 64, 976; 66 , 1201) or with azido-fatty acid halides {Bertho, 
Holder, Meiser and Huther, Ann. 486, 127; Bertho and Maier, Ann. 496, 
113; Z. physiol. Chem. 222, 139). 

Chondroitin-sulpliiiric acid, C 28 H 44 O 29 S 2 N 2 or CMH54OS4S2X2, is obtained 
from the chondromucoid of cartilage, sinew and bone, and is decomposed 
by complete hydrolysis with dilute acids into chondrosamine (isomeric with 
chitosamine), glucuronic acid, acetic acid and sulphuric acid (J. Biol. Chem. 

^ P. A, Levene, Hexosamines and Mucoproteins, London 1925. — 
O, Kestner, Ghemie der Eiweisskfirper, Brunswick 1926. 

Bichter-Ansohiitz 11. 
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86 , 106). The sulphuric acid may be removed from the molecule by mild 
hydrolysis with chondrosulphatase from Bact, fluorescena {Neuherg and 
HofmanUf N. 19, 484), the product being chondroitin; the acetate residue 
can readily be split out from the latter, giving chondrosin C 12 H 21 O 11 N; 
energetic treatment of this yields glucuronic acid and chondrosamine 
CgHigOjN (2-amino-galactose, lyxohexosamine, see Levene, Biochem. Z. 124, 
37; J. Biol. Chem. 67, 337; for its synthesis by the reduction of lyxo- 
hexosaminic acid, see Levene, J. Biol. Chem. 81, 609). The following schematic 
formula has been proposed for chondroitin-sulphuric acid on the evidence 
of its reactions (Levene and La Forge, J. Biol. Chem. 20, 96): 



COjH COjH 

(for the configurations of the galactose and of the glucuronic acid, sec vol. I, 
p. 705 and 716). 

Muooitin-sulphuric acid is obtained from the mucus of the respiratory 
and digestive organs, from the mucoid of the eyes, from frog and fish spawn 
and from snail mucus. Its constitution is similar to that of chondroitin- 
sulphuric acid, but it contains glucosamine as the amino-sugar {Levene, 
J. Biol. Chem. 86, 106). 

Ovomucoid from white of egg {Momer, Z. physiol. Chem. 84, 207; J. Biol. 
Chem. 84, 49, 63) is a sulphur-free glycoproteid of sub-group b (see p. 369); 
pepsin and HCl hydrolyse it to glucosamine and acetic acid {Oswald, Z. 
physiol. Chem. 68, 173; Momer, ibid. 80, 430). Proteins which contain 
carbohydrates are also found in the egg-sacs of cuttle-fish {Cephalopodae) 
and in the sponge Chondrosia reniformia. 

Serum protein contains a nitrogenous trisaccharide, composed of 1 mol. 
glucosamine and 2 mol. mannose {Rimington, Biochem. J. 28 (1929), 430; 
25 (1931), 1062; Levene and Rothen, J. Biol. Chem. 84, 63). 

Hyaloidin^CseH ^eOjoNjjfrom ovarian mucus, is hydrolysed to 2 mol. glucos¬ 
amine, 2 mol. hexose and acetic acid {Schmiedeberg, Arch. Path. Pharm. 87,1). 

A carbohydrate of high molecular weight, sinistrin^ which forms galactose 
on hydrolysis {May, C. 1931 I 3696), has been isolated from the proteid 
of the glands of a vineyard snail and from the mucus of the squill {BuJbua 
acillae) {Rosenthaler and Kohli, Apoth.-Ztg. 46 (1930), 1097). 

Chitosamine can be detected in the hydrolysis product of tussore silk 
fibroin {Abderhalden and Heyna, Z. physiol. Chem. 202, 37). 

An important class of nitrogenous and phosphorus-containing gly¬ 
cosides has already been discussed shortly in Vol. I, p. 748; these are the 

NUCLEIC ACIDS 1 

They are found free (Stevdel and Takahata, Z. physiol. Chem. 133, 
165) or combined with proteins (histones, protamines, clupein, etc.) 
as “nucleoproteins" in the nuclei of almost all animal and plant 
cells (Koaaelf Z. physiol. Chem 26, 165; Ackermann, ibid. 43, 299;. 

1 P. A. Levene and L. W, Betas, Nucleic Acids, Am. Chem. Soc. Mono¬ 
graph, 1931. 
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Steudel, ibid. 130,136), and also in carcinomic tissue and in important 
glands (thymus, pancreas); they also probably act as carriers for 
enzymes (e.g. trypsin). In addition they can be isolated from bac¬ 
teria and fungi (yeast). The wheat germ contains triticonucleic acid. 

The mononucleotides, which, combined as esters with the poly¬ 
nucleotides, form the nucleic acids, and which have been found to 
occur naturally in many tissues (e.g. muscle, yeast, etc.), are in part 
co-ferments for important enzymatic vital processes (muscle con¬ 
traction, see Embden and Zimmermann, Z. physiol. Chem. 167, 137; 
Embden, Riebeling and Sellery ibid. 179, 149; Lohmanriy N. 19, 180; 
alcoholic fermentation, see Orassmann and Mayr, Z. physiol. Chem. 
214, 184, etc.); they also produce an acceleration in the rate of 
beating of the heart (Lautenschldgery Z. angew. Chem. 46, 202; Lindnery 
Z. physiol. Chem. 218, 12). 

Fission products of the mononucleotides have also been found in 
nature, such as sugar derivatives of the pyrimidine and purine series 
(“nucleosides'*). 

The complete hydrolysis of the nucleic acids yields purines, pyri¬ 
midines, sugars (chiefly pentoses) and phosphoric acid. The partial 
degradation can be represented thus: 


1% HCl 


Nucleoprotein 

I Pepsin, Trypsin 
Nucleic acid 
(Polynucleotide) 

H 2 SO 4 4 Nucleinaso (Pancrease) 
Mononucleotide 

Nucleotidase (from intestine), 


NH 3 or P 3 nridine 


Purine -f Sugar-phosphoric acid Nucleoside -f- H3PO4 

or Pyrimidine I Phosphatase | Nucleosidase 

I—r 


Sugar -j- 


1 

H,P 04 


\ 

Purine -f- Sugar 
or Pyrimidine 


The fact that the nucleotides can yield purine or pjn'imidine 
glycosides and also sugar-phosphoric acids shows that they are 
built up as follows: 

Purine or pyrimidine — sugar — phosphoric acid. 

The purines can be removed from the complex much more easily 
than the pyrimidines (Stevdely Z. physiol. Chem. 48, 425; FeulgeUy ibid. 
102, 244 ; see also Osborne and Heyly Amer. J. Physiol. 21,157; JorpeSy 
C. 1928 II 1343), and it seems highly probable that they are combined 
with the carbohydrate in the 7-position of the purine nucleus 
(H. Fischery Z. physiol. Chem. 60, 69; Levene and JacobSy Ber. 44, 746), 
while in the pyrimidine the union is through N-atom 3 (Brederecky 
Z. angew. Chem. 47, 292). The carbohydrate (for proof of its furanoid 
structure by means of trityl chloride, see Brederecky Ber. 66, 1830; 
66 , 198; and by hydrolysis of the permethylated complex to 2:3:5- 
trimethylpentose, see Levene and Tipsony J. Biol. Chem. 97, 491) is 
combined with the base by means of a glucosidic Hnk, since neither the 
nucleic acids nor the nucleosides have reducing properties. Thymine 
(5-methyluracil, vol. I, 628) seems to be a specific component for the 
animal organism; the absence of cytosine (2-hydroxy-6-aminopyTimi- 
dine, vol. I, 628) is characteristic of carcinomic tissue* The distinction 

24 * 
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between plant and animal nucleotides possibly arises from a different 
type of combination of the pentose and phosphoric acids: the former 
yield 60—75% of furfural, the latter only ^11% (Embden and Schmidt, 
Z. physiol. Chem. 181,130; Stevdel and Wohinz, ibid. 200, 82; Stevdel, 
ibid. 216, 77). In the tetranucleotides (e.g. yeast- and thymus- 
nucleio acids), the formation of two diphosphoric acid nucleosides 
as fission products, and the electrometric titration results {Levene 
and Simms, J. Biol. Chem. 70 (1926), 327) indicate that the four 
nucleotides are combined through three of their phosphoric acid 
residues; and from the velocity of hydrolysis it can be seen that the 
phosphoric acid is attached to a secondary hydroxyl group of the 
sugar (Levene and Jorpes, J. Biol. Chem. 81 (1929), 575). 

For a determination of the molecular size of the nucleic acids 
and nucleotides by the diffusion method, see Myrbdck and Jorpes, 
Z. physiol. Chem. 237, 159. 

Thymus nucleic acid, C3jH5i026Ni5P4, is found in several other organs 
and tissues besides the thymus. The formation of four different bases (guanine, 
adenine, thymine and cytosine) in cquimolecular quantities as the result 
of complete acid hydrolysis indicates a tetranucleotidic structure (Steudel, 
Z. physiol. Chem. 49, 406; Levene and Mandel, Biochem. Z. 10, 215); this 
has been confirmed by the less vigorous methods of degradation which 
have been developed. Fission by the picric acid method ( Thannhauaer and 
Ottenatein, Z. physiol. Chem. 114, 39; Thannhauaer and Blanco, ibid. 161, 
(1926), 126) yields guanine and adenine picrates; uridine- and cytidine- 
diphosphoric acids were isolated as brucine salts. Hydrolysis with the 
secretion from the small intestine of the dog gives the nucleosides of guanine, 
adenine or hypoxanthinc, thymine and cytosine (J. Biol. Chem. 81, 711; 
88 , 793; 88 , 753; 96, 461; Thannhauaer and Angerrmnn, Z. physiol. Chem. 
186, 13; 189, 174; Bielachowaky and Klein, ibid. 207, 202; Klein, ibid. 224, 
244); if the phosphatase action is stopped by the addition of phosphate 
and arsenate, the ferment “thymonucleinase” from the mucus of the walls 
of the intestine can depolymerise the nucleic acid to the corresponding 
mononucleotides (Klein, ibid. 207, 125; 218, 164; Klein and Thannhauaer, 
ibid. 218, 173; 224, 252). The carbohydrate of thymus nucleic acid, thymnoso 
C 5 H 10 O 4 , has been identified as 2-dosoxy-ribose (Levene, Mikeaka and Mori, 
J. Biol. Chem. 85, 785). The results of these investigations can bo summarised 
in the following formula for the nucleic acid: 


HO^ 

0==P—O—C^H^O • C 5 H 4 ON 5 
jjq/ ^ (Guanine) 

0 =i>—O—€,H ,0 • CjHjOjN, 

jIq/ ^ (Thymine) 

0=i»—0—CuHjO. C4H4ON, 
jjq/ ^ (Cytosine) 

0=J>_0-C.HgO,. C,H4N. 
j£q/ (Adenine). 


A ring-structure for the tetranucleotide has been^suggested on the grounds 
of the titration results (Klein and Rossi, Z. physioLlChem. 281 . 104 ; Makino, 
ibid. 282 , 229 ; 286 , 201 ). ' ^ 1 
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The nucleic acid of caTcfaiomic tissue is decomposed by caustic soda into 
two nucleotides C 4 gHe 4032 NioP 2 and C 38 H 45 O 23 N 7 P 2 ; the former yields gua¬ 
nine and adenine, the latter guanine and thymine. Cytosine, which is present 
in normal animal tissue, is not found in the hydrolysis product {Willheim, 
Biochem. Z. 168 (1926), 488; SokolofL Compt. rend. Soc. Biol. 101 (1929), 
888 ). 

From pancrcas-nucleoprotein a nucleotide can be prepared which 
consists of 1 mol. of thymus nucleic acid and 2 mol. of guanylic acid 
CioHi 408 NbP (guanine-ribose-phosphoric acid), m.p. 180®, [a]D — 7'5® {Steudel, 
Z. physiol. Chem. 63, 639; Steudel and Brigl, ibid. 68 , 40; Steudel and Naka- 
gawa, ibid. 126, 260; Jorpes, Biochem. Z. 161, 227; C. 1928 II 1343). For 
its formulation as a pentamicleotide, see Jorpes^ Biochem. J. 28 (1934), 2102; 
of. Myrhdck and Jorpes, Z. physiol. Chem. 287, 169. 

A hexosc-nuclelc acid from chicken embryos is described by Calvery, 
J. biol. Chem. 77, 489. 

Tuberculinic acid, the nucleic acid of the tubercle bacillus {Ruppel, Z. 
physiol. Chem. 26, 218), is also of the animal acid type, since it contains 
thymine. The bases isolated are guanine, adenine, cytosine and 6 -methyl- 
cytosine {Johnson and Coghill, Am. 47, 2838); the nucleic acid contains a 
hexose {Broum and Johnson, ibid. 46, 1823). 

Diphtheria-toxin has also been considered to be a nucleoprotcin {Leulier, 
Sedallian and Oaumont, Compt. rend. Soc. Biol. 97 (1927), 1643); it contains 
the fission products of animal nucleic acids {Coghill and Bames, Anal. Fis. 
Quim. 80 (1932), 208). 

The nucleic acid of the nitrogen-fixing bacteria yields phosphoric acid 
and carbohydrate, and adenine, guanine and pyrimidine bases {Mockeridge, 
Biochem. J. 18 (1924), 660). 

The nucleic acid of the timothy-grass-bacteria has been found to give 
as fission products adenine, guanine, uracil, cytosine, a pentose and phos¬ 
phoric acid {Coghill, J. Biol. Chem. 90, 67). 

Yeast nucleic acid, C 38 H 4 o 029 Nt 5 P 4 , gives on energetic hydrolysis the 
bases adenine, guanine, cytosine and uracil, 4 mol. d-ribose and 4 mol. phos¬ 
phoric acid, and also the nucleotides and nucleosides of cytosine and uracil 
{Levene and Jacobs, Ber. 42, 1198; 2473; 44, 1027; J. Biol. Chem. 41, 19; 
43, 379; Calvery and Jones, J. Biol. Chem. 78, 73). The milder methods of 
hydrolysis with ammonia or enzymes, which only attack the phosphoric 
anhydride bonds, gives 1 mol. of uridine-phosphoric acid, C 9 H 13 O 9 N 2 P, m.p, 
202®, [a]D + 10*6®, and 2 mols. of triphospho-nucleic acid C 29 H 88 O 21 N 13 P 3 
{Thannhauser and Sachs, Z. physiol, Chem. 109, 177; 112. 187); the latter 
is decomposed by fission with picric acid into the picrates of guanine and 
adenine, phosphoric acid and cytidine-phosphoric acid C 9 H 14 O 0 N 3 P, m.p. 
233® (dec.), [a]D + 40® {Thannhauser, ibid. 181, 296; Steudel and Takahata, 
ibid. J33, 166; Levene and Jacobs^ Ber. 42, 2474, 2703). In contrast to 
thymus nucleic acid, yeast nucleic acid is readily split by dilute alkali into 
mononucleotides of the above bases. The carbohydrate of the nucleic acid, 
d-ribose, has the furanose structure {Bredereck, Z. physiol. Chem. 228, 61). 
The phosphoric acid residue of cytidine- and uridine-phosphoric acids is 
placed, by analogy, upon C-atom 3 of the ribose, because the mononucleotides 
give trityl compounds and do not increase the conductivity of boric acid 
{Bredereck, ibid. 224, 79). For a tentative formula which is analogous to 
that of thymus nucleic acid (see p. 372), and is based on titration results, 
see Levene and Sims, J. Biol. Chem. 70, 332; Makino, Z. physiol. Chem. 
286, 201. 

A nucleic acid from the mycelium of Aspergillus Oryzae contains, as 
basic constituents, guanine, adenine, hypoxanthine (?) and uracil {Takata, 
J. Soc. Chem. Ind. Japan (suppl.) 82 (1929), 246). 

The tritico-nucleic acid from wheat germ yields the same basic components 
as yeast nucleic acid {Osborne and Harris, Z. physiol. Chem. 86 , 86 ; Feulgen 
and Bosenheck, ibid. 186, 203; Levene and La Forge, Ber. 48, 3164; J. Biol. 
Chem. 81, 296; Calvery and Bemsen, ibid. 78 (1927), 693). 
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The adenosine-triphosphoric acid, CioHieOiaNjPj, of muscle {Lohmann, 
N. 17, 624; Lohmann and Schuster, Biochem. Z. 282, 104), of yeast (ITapwcr- 
Jauregg, Z. physiol. Chem. 238, 129), and of protoplasm is decomposed by 
the enzymes of alkaline muscle extract into adenylic acid, which accompanies 
it in animal tissues, and 2 mol. of phosphoric acid {Mozolowski, Reis and 
Sobczuk, Biochem. Z. 243, 167; Lohmann, ibid. 282, 109), In an aqueous 
medium, however, the fission of ammonia takes place more rapidly than 
that of phosphoric acid, and hence inosine-triphosphoric acid can be isolated 
{Ixjhmann, Biochem. Z. 264, 381); this is decomposed further by energetic 
treatment into inosic acid and 2 mob of phosphoric acid {Schmidt, Z. physiol. 
Chem. 170,280; Meyerhof amd Lohmann, Biochem. Z. 268,431). The nucleotide, 
which still has the free amino-group of adenine and four titratable hydroxyl- 
groups (Lohmann, Biochem. Z. 264, 381; 282, 120), must be assumed to 
contain a pyrophosphate-complex which can be hydrolysed easily, in addition 
to the firmly combined orthophosphoric acid; this conclusion is supported by 
the occurrence of pyrophosphate in muscle and in the products obtained by 
weakly alkaline hydrolysis (Lohmann, N. 16, 298; 17,624; Biochem. Z. 202, 
466; 208, 164). The sugar component is probably a pentose. The acid can 
be determined quantitatively by treatment with hot HCl, and determination 
of the readily hydrolysable phosphoric acid (2 mol.) and of the pentose 
(Ferdmann, Z. physiol. Chem. 216, 206). 

Adenyl-pyrophosphoric acid must be considered as the forerunner of 
adenylic acid in animals, and plays an important part as a co-enzyme in the 
formation of lactic acid in the muscle (Lohmann, N. 19, 180; Biochem. Z. 
271, 664; Oatem and Baranowski, ibid. 281, 167; Meyerhof and Kiesaling, 
ibid. 288, 83), and in the phosphorylation process which takes place in alco¬ 
holic fermentation (idem, ibid. 267, 313; Lutwak-Mann and Mann, ibid. 
281, 140). 

Adenylie acid, C,oHi 407 N 5 P*HaO, occurs in nature in two isomeric forms, 
(t) and (h), which differ but little in their physical constants (m.p., rotation 
and solubility); in chemical properties, however, such as complex formation, 
deamination (for the significance of this in muscle metabolism see Embden, 
etc., Z. physiol. Chem. 179,149—237), hydrolysis and behaviour on distillation 
with acid, they show marked differences. t-Adenylic acid is ten times as 
strong as h-adenylic acid in its physiological action upon the heart of the 
guinea-pig (Lindner, ibid. 218, 12). 

t-Adenylic acid (adenine-furanoriboside-6-phosphoric acid), m.p. 196®, 
[a]D —37*9®, first obtained from muscle tissue (Embden and Zimmermann, 
ibid. 167,136; Klimek and Pamas, Biochem. Z. 262, S^2;Ostem, ibid. 264,66) 
and later from yeast (Lindner, Z. physiol. Chem. 218, 12), loses phosphoric 
acid on hydrolysis much more slowly than the h-acid, and when distilled 
with acids gives a distinctly lower yield of furfural (Steudel, ibid. 216, 77). 
Since it gives a complex Cu salt, there must be two adjacent hydroxyls 
remaining in the ribose molecule; hence the phosphoric acid is attached to 
the sugar in the 6-position (Klimek and Parnaa, Biochem. Z. 262, 392; 
Steudel, Z. physiol. Chem. 216, 77; Parnas and Klimek, ibid. 217, 76); this 
is also the case for the deamination product of muscle adenylic acid, inosic 
acid (Levene and Jacobs, Ber. 41, 2703; 42, 336; Levene and Harris, J. Biol. 
Chem. 96, 766). 

h-Adenylic acid (adenine-furanoriboside-S-phosphoric acid), m.p. 196®, 
[a]D —40*6®, from the hydrolysis product of yeast (Steudel and Peiaer, Z. 
physiol. Chem. 127, 266; Steudel, ibid. 216, 77), tea-leaves (Calvery, J. Biol. 
Chem. 68, 693), and also from pancreas nucleotide (Lindner, Z. physiol. 
Chem. 218, 12), is not attacked by deaminase, in distinction to the t-form 
(Embden and Schmidt, ibid. 181, 130). By analogy, the phosphoric acid 
should be attached to the ribose in the 3-position, since the guanylic acid 
from yeast nucleic acid has been clearly identified as guanine-furanoriboside- 
d-phosphoric Acid (Levene and Harris, J. Biol. Chem. 98 (1932), 9). In support 
of this, the deamination of h-adenylic acid with nitrous acid, followed by 
hydrolysis, yields d-ribose-S-phosphoric acid (idem, ibid. 101, 419). 
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It is important to note that the pure co-enzyme of alcoholic fermentation 
isolated from yeast (Harden and Young, Proc. Roy, Soc. B, 77, 406; v. Euler, 
Z. angew. Chem. 44, 583; v. Euler, Myrbdck and Nilsson, Z. physiol. Chem. 
168, 177; V. Euler and Myrbdck, ibid. 199, 189; v, Euler, Myrbdck and 
Hellstrdm, ibid. 212, 7), ana the co-enzyme of the lactic acid oxidation in 
the heart-muscle (Szent-Oyorgyi, Biochem. Z. 157, 60; Banga and Szent- 
Oydrgyi, Z. physiol. Chem. 217, 39), contain, as chief conmonents, t-adenylic 
acid (Kraut and Borkowsky, ibid. 220, 173; Andersson, ibid. 226, 67; Myrbdck, 
ibid. 126; 199; Myrbdck and Larsson, ibid. 131) and nicotinic amide (Warburg, 
Christian and Griesse Biochem. Z. 282, 167; Warburg and Christian, ibid. 
285, 166). (Proof of the 6 -position of the phosphoric acid residue in the 
pentose molecule by the action of HIO^ is given by v. Euler, Karrer and 
Becker, Helv. 19, 1060.) Consequently, the loss of phosphoric acid under 
the action of enzymes runs parallel with the inactivation of the co-zymase 
(Myrbdck; Z. physiol. Chem. 217, 249). The ultra-violet absorptions of 
the co-enzymes show very marked resemblances to those of the nucleotides 
under discussion (Myrback, v, Euler and Hellstrdm, ibid. 214, 184). 

Inosic acid (hypoxanthine-ribose-b-phosphoric acid), C 10 H 13 O 8 N 4 P, is 
found in muscle and can be prepared from meat extract (Liebig, Ann. 62, 257; 
Haiser and Wenzel, Mo. 30, 377; Levene and Jacobs, Ber. 44, 746; Biochem. 
Z. 28, 127; Bteudel, Z. physiol. Chem. 211, 263). It can be synthesised from 
monoacetone-inosine and POClg (Levene and Tipson, J. Biol. Chem. Ill 
(1936), 313). 

For guanylic acid, CioHi408N5P- 2 H 2 O, m.p. 180°, from the pancreas, 
see Levene, J. Biol. Chem. 41, 483; Hammarsten, Z. physiol. Chem. 109, 141; 
Feulgen, ibid. Ill, 267; Hammarsten and Jorpes, ibid. 118, 224; from the 
thymus, see Feulgen, ibid. 108, 147; Steudel and Peiser, ibid. 120, 292. 

The nucleosides, which are purine- or pyrimidine-sugar compounds, 
occur in nature as well as the nucleic acids: 

Vemine, CjoHjgOgNg, m.p. 240®, [a]D —60*4®, a nucleoside from the young 
plants of Vicia, Lupinus and Cucurbita, has been shown to be a guanine- 
d-riboside (Schulz and Trier, ibid. 70, 143; Steudel and Freise, ibid. 120, 126; 
Bredereck, ibid. 228, 61). 

The seeds of Croton tiglium contain the isomeric crotonoslde, 

C,oHi80gNg.2HgO, 

m.p. 248® (decomp.), [a]D —60*38® (NaOH), which can be hydrolysed to 
isoguanine ( 2 -hydroxy- 6 -amino-purine) and d-ribose (Cherbuliez and Bernhard, 
Helv. 16, 464, 978). 

Adenosine, (adenine-riboside), [a]D —60®, has been 

isolated from heart muscle (Szent-Oydrgyi and Drury, J. Physiol. 67 (1929), 
35); Bredereck, Z. physiol. Chem. 223, 61). 

Inosine (oarnine), C 10 H 12 O 5 N 4 , m.p. 218®, [a]D —72-9®, from meat-extract, 
yeast and sugar-beet, is hypoxanthine-riboside (Haiser and Wenzel, Mo. 
29, 167; Levene and Jacobs, Ber. 41, 2703; 42, 336; 1198; Bredereck, loc. cit.) 

Vicine, CioHie 07 N 4 • HjO (l-glucosido-4: 6 -dihydroxy- 2 : 6 -diamino-pyrimi¬ 
dine), m.p. 242®, [a]D — 8*77®, from the seeds of Vicia fabia and saliva (com¬ 
mon vetch), is decomposed by boiling with dilute acids into divicine C 4 H 8 O 2 N 4 
(4; 6 -dihydroxy- 2 : 6 -diamino-pyrimidine), ammonia and glucose (Winter- 
stein, Z. physiol. Chem. 106, 268; Johnson and Johns, Am. 86 , 646; Fischer, 
Ber. 47, 2611; Levene and Senior, J. Biol. Chem. 26 (1916), 607; Thannhauser 
and Dorfmiiller, Ber. 47,1304). The paralytic disease known as “lathyrismus**, 
which occurs among the natives of India and the Mediterranean countries, 
is due to their habit of eating Vicia sativa, i.e. divicine, as part of their 
vegetable diet (Anderson, Howard and Sirrumsen, Nature 116 (1926), 260). 

In the older plants is found eonvicine, CjQHuOgNj^Hgb, decomp. 287® 
(Ritthausen and Preuss, J. 69, 487; Ritthausen, Ber. 29, 2106; J. pr. 69, 480; 
Johnson, Am. 56,337), which is hydrolysed to aUoxantine, C 3 H 0 O 8 N 4 , ammonia 
and glucose (Fisher and Johnson, Am. 64, 2038). 
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The following syntheses have been carried out: pyrimidine-glucoside has 
been obtained by the interaction of 2 : 6 -dimethoxy-pyrimidine with aceto- 
broinoglucose; hydrolysis with HCl yielded 3-glucosido-uracil C 10 H 14 O 7 N 2 , m.p. 
209® (decojnp.)> [a]D + 21*4° (Schmidt^Nickels and Johnson, Am. 52, 4511); 
for the analogous synthesis of 2- or 6 -xylosido-uracil, see Levene and Sohotka, 
J. Biol. Chem. 66 (1926), 469; Hahn, Laves and Schafer, Z. Biol. 84, 411; 
Hahn and Laves, ibid. 85, 280). 

The action of l-bromo-3:4:6-tribenzoyl-d-glucodesose upon theophyl¬ 
line-silver, followed by debenzoylation, yields theophyllino-d-glucodesoside 
Ci 3 Hi 80 aN 4 , m.p. 268®, [a]D —26*9® (see Levene and Cortese, J. biol. Chem. 
92, 63). For analogous syntheses of theophylline-glucoside and -rhamnosido, 
see Fischer and Helferidi, Ber. 47, 210; Fischer and v. Fodor, ibid. 1068; 
Fischer, ibid., 1390; Helferich and von Kuhlcwein, ibid. 63, 17; of 7-theo- 
phylline-xyloside and -riboside, see Levene and Sobotka, J. Biol. Chem. 

(1930), 469; adenine-d-glucoside and hypoxanthine-d-glucoside can be 
synthesized by similar methods. 

The synthesis of a simple nucleic acid has been accomplished from theo- 
phylline-rf-glucoside and POCI 3 at—20® in pyridine {Fischer, Ber. 47, 3197). 

The cerebrosides^, found chiefly in the brain- and nerve-tissues, 
are compounds of the amide type derived from sphingosine-galacto- 
aide (psychosine) and a fatty acid or hydroxy-acid of the C 24 “Series. 
Their fission with sulphuric and acetic acids leads to galactose and 
a fatty acid sphingoside (which sometimes occurs free in nature); 
the latter is hydrolysed by longer treatment with alcoholic sulphuric 
acid. The treatment of cerebrosides with baryta only breaks the 
amide link, and gives the fatty acid and sphingosine-galactoside. 

Phrenosine (cerebron), C 48 H 93 O 3 N• 2 HgO, m.p. 212®, [a]D 8 ® (in CHCI3), 
first isolated from the brain (cerebrum) by Thudichum in 1874, is found also 
in the nerve-tissues and other organs of mammals, birds and fishes. Its 
hydrolysis yields cerebronic acid, m.p. 108® (a-hydroxy-lignoceric acid, see 
Klenk and Diehold, Z. physiol. Chem. 215, 79), sphingosine CigHa^OgN (triacetate 
m.p. 100 ®; ozonolysis to myristic acid and a-amino-)5: y-dihydroxy butyric 
acid, see idem., ibid. 198, 26; Fischer and Feldmann, Ber. 65, 1211), and 
galactose, CgHijO® (Thierfelder, Z. physiol. Chem. 44, 366; KUnk, ibid. 179, 
312). Cerebronic acid is a mixture which consists mainly of a-hydroxy-n- 
tetracosanic acid, C 24 H 48 O 3 , but X-ray examination shows that the corre¬ 
sponding C 22 and Cge acids are also present (Chibnall, Biochem. J. 80 (1936), 
100). Partial hydrolysis of the cerebrosidc with baryta yields psychosine 
(sphingosine-galactoside, see Klenk and Harle, ibid. 178, 221) C 24 H 47 O 7 N, 
m.p. 216®, and cerebronic acid; partial hydrolysis with sulphuric acid gives 
cerebronyl-sphingosine C 42 H 83 O 4 N, m.p. 84®, and galactose. A possible con¬ 
stitution for phrenosine is shown in the following formula (Klenk, Z. angew. 
Chem. 44, 691, but see Levene and Heymxinn, J. Biol. Chem. 102 (1933), 1): 

(Sphingosine) 

CH 3 . (CH 2 )i 2 - CH=CH. CH. CH. CHjOH 

lin (i cH.(CHOH),.CH.CH,OH 
CH,.(CH*)a-CHOH-<]o I-— O —J 

(Cerebronic acid) (Galactose). 

The compound also occurs in brain tissue as cerebron-sulphuric acid, m.p. 
210®, which contains a galactose-sulphuric ester (Blix, Z. physiol. Chem. 
219, 82). 

1 H. Thierfelder and F, ^lenk. Die Chemie der Cerebroside und Phos¬ 
phatide, Berlin 1930. 
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The free aglycone, cerebronyl-sphingosine (see above), is also present in 
this tissue {Klenk, ibid. 158, 74). 

Cerasine, C 48 HMO 8 N.H 2 O, m.p. 187®, [a]D —11-6® (in CHCl*), from the 
brain, is decomposed by complete hydrolysis into cerasic acid (lignoceric 
acid) m.p. 86®, which is mainly C 24 H 48 ^ 2 » contains also C 22 and €26 

acids, sphingosino and galactose (J. biol. Chem. 18, 477; 26, 116; Brigl, 
Z. physiol. Chem. 95,161). It has been obtained synthetically from galactosido- 
sphingosine and lignoceryl chloride {Klenk and Harle, ibid. 189, 243; Klenk, 
Z. angew. Chem. 48, 674). 

For the presence of lignoceryl-sphingosine, C 42 H 83 O 8 N, m.p. 90®, in pigs* 
liver, see Thannhauser and Frdnkel, Z. physiol. Chem. 208, 183; Frdnkel 
and Bielschowaky, ibid. 213, 68 ; in the spleen of cattle, see Tropp and 
Wiederscheim, ibid. 222, 39; and in the lungs of cattle, see Tropp, ibid, 
287, 178. 

Brain tissue also gives the cerebrosides nervon, C 48 H 91 O 8 N, m.p. 180®, 
[a]D —4*33® (pyridine) {Klenk, ibid. 145, 244), and probably contains 
hydro^-nervon, C 48 H 9 j 09 N {Klenk, ibid. 157, 291), though this has not 
been isolated. They are hydrolysed to sphingosine and galactose, together 
with nervonic acid C 24 H 4(,02 or CH 8 *(CH 2 ) 7 *CH:CH*(CH 2 )is*COOH, cis- 
form m.p. 39®, the constitution of which is proved by conversion into 
lignoceric acid {Klenk, ibid. 157, 283), by o^onolysis to pelargonic acid and 
a dicarboxylic acid C 15 H 28 O 4 , m.p. 114® {Klenk, ibid. 166, 287), and by syn¬ 
thesis from erucyl bromide and sodio-malonic ester {Hale, Lycan and Adams, 
Am. 52, 4636), or a-hydroxy-nervonic acid C 24 H 46 O 3 , m.p. 66 ® which is de¬ 
composed by ozone to pelargonic acid and duodecane- 1 : 12 -dicarboxylic 
acid {Klenk, Z. physiol. Chem. 174, 214). 

PLANT GLYCOSIDES OF THE HETEROCYCLIC SERIES 

(see also the section on nucleic acids) 

Indican, Ci 4 Hi 70 eN-SHjO (/S-indoxyl-glucoside), m.p. 68 ®, anhyd. 178® 
{pentacetate m.p. 112®), is found in various species of Indigofera, in woad 
{Isatis tinctoria), etc. It is decomposed by ferments or acids into glucose 
and indoxyl, which is rapidly oxidised in the air to indigo blue. The synthesis 
of the glucoside has been carried out in the following way (see Robertson, 
J. 1927, 1937; Robertson and Waters, J, 1988, 30): 

Methyl ester of 3 -acetoxy-indole- 2 -carboxylie acid + acetobiomoglucose 

\ NaOH in acetone 

Methyl ester of tetracetyl-^-gluco8ido-3-hydroxy-indole-2-carboxylic acid 

I hydrolysis 

)3-Glucosido-3-hydroxy-indole-2-carboxylic acid 
I acetylation (—CO 2 ) 

1 -Acetyl-tetracetyl-jS-glucosido-3-hydroxy-indole 
(pentacetyl-indican) 

I NHs in CHgOH 
Glucosido-3-hydroxy-indole 
(indican) 

The exact structure of the carbohydrate has been determined by methyl- 
ation of the natural glucoside: from the hydrolysis of tetramethyl-indican, 
[a]D -[-9*19®, with methyl alcoholic HCl, indoxyl and 2:3:6:6-tetramethyl- 
glucose, m.p. 94®, can be isolated; hence the natural product is a derivative 
of glucofuranose {Macbeth and Pryde, J. 121, 1660). 

The poisonous solanum-glycosldes vary in their constitution according 
to the species of Solanum from which they are isolated. 

Solanin (t), C 45 H, 80 i 5 N, [a]D —69*45®, from the potato, Solanum tuberosum 
(76 g. of solanin from 120 kg. of the eyes of the potato; SoUys and Wallenfels 
Ber. 69, 811), can be acetylated to trideca-acetyl-solanin (t), m.p. 206®; 
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this can be hydrolysed to bromoacetyl-rhamnosido-galactose and acetyl- 
solanidin(t)-glucoside, m.p. 116—120®, or to nonoacetyl•solanidin(t)-gluco- 
side-galactoside, m.p. 130®, and tetra-acetyl-rhamnose, m.p. 90® (see Oddo 
and Caronna, Gazz. 62 (1932), 1108). Hence it can be deduced that the con¬ 
stituents of the original glycoside are joined in the following manner (idem, 
Ber. 67, 446): 

Solanidin (t) — d-glucose — d-galactose — d-rhamnose. 

The action of dilute acids upon the glucoside leads to the alkaloid solanidin 
(t) C 27 H 48 ON, m.p. 219® {ZempUn and Gcreca, Bor. 61, 2294; Bergel and Wagner, 
Ber. 66 , 1093; Soltys and Wallenfels, Ber. 69, 811), which is described among 
the alkaloids, (Vol. IV). 

Solanin (s), C 54 H 9 (,Oi 8 N 2 *HjO, [a]D —68*3®, from Solanum sodormeum, 
is decomposed by dilute acids into 2 mol. of solanidin (s) CigHjiON, m.p. 
200®, d-glucose, d-galactose and d-rhamnose {Oddo, Ber. 62, 267). The arrange¬ 
ment of the sugars in the molecule is shown by the hydrolysis of deca-acetyl- 
solanin (s), m.p. 138®, with HBr-acetic acid to hepta-acetyl-solanidin (s)- 
glucosido-galactoside, m.p. 170®, and bromo-triacetyl solanidin(s)-rhamno- 
side, m.p. 132®; it must be as follows {Oddo and Caronna, Ber. 67, 446): 

Solanidin (s) — d-glucose — d-galactoso — d-rhamnoso — solanidin (s). 

The constitution of the nitrogenous aglycone has not yet been determined. 

The green unripe berries of the New Zealand shrub purapura {Solanum 
aviculare) yield the alkaloid glucoside purapurin, C 48 H 780 i 8 N 2 (?), decomp. 
220—230®, [a]D—87® (alcohol); its hydrolysis yields sugars and purapuridin 
Ca7H5708N2(?), which has not been investigated further {Levi, Chem. and 
Ind. 49, 395 T). 

For further nitrogenous glycosides of unknown constitution, see G. Trier, 
Ghemie der Pflanzenstoffe, Berlin 1924. 


II. THE TANNINS, LICHEN ACIDS, ETC.i 

The natural tannins are plant products of a phenolic nature which 
precipitate albuminous substances, such as glue and gelatine, alka¬ 
loids, e.g. brucine and caffeine, and many compounds which contain 
oxygen, e.g. vanillin, with the formation of insoluble molecular 
compounds. They give salts with the alkali, alkaline earth and 
heavy metals which are slightly soluble and usually coloured; charac¬ 
teristic colours or precipitates are produced with iron salts, molybdic 
acid, vanadic acid and other compounds; Fehling*s solution and 
gold chloride are usually reduced by tannins. Certain reactions are 
specific for definite components of a tannin, e.g. the pink colour 
with KCN for gallic acid; tannins containing a phloroglucinol nucleus 
are precipitated by bromine-water, colour vanillin-HCl red, and give 
the pine-shaving reaction; ellagic acid derivatives give a carmine 
red colour with nitrous acid, which changes to blue or green; pyro- 
catechol and pyrogallol derivatives colour ferric salts blue or green 
and give a precipitate with arsenic acid. Pyrocatechol tannins are 
in particular precipitated by boiling with formaldehyde and HCl. 

According to K. FretcdenJberg, the tannins may be divided into 
two groups: 

A. Hydrolyaabh tannins (phenol-glucosides or -esters, and sugar- 
esters), which are hydrolysed by hot water, dilute acids and alkalis 
{Fischer and Freudenberg, Ber. 46, 926; Herzig, Mo. 33, 846). The 

^ K* Freudenberg, Tannin, Cellulose, Lignin, 2 nd Ed. of Chemie der 
nathrl. Gerbstofie, Springer, Berlin, 1933. 
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fission of the glucoside- or ester-bond is carried out very readily 
by “tannase'*, the enzyme from Aapergillua nigeVy a fungus culti¬ 
vated on myrobalane extract (Frevdevherg and Volihrechty Z. physiol. 
Chem. 116, 292; Dyckerhoff and Armhrmtery ibid. 219, 38) (for the 
hydrolysis, see Frevdenberg and Ficky Ber. 63, 1733; Frevdenberg 
and Walpuskiy Ber. 64, 1695; Frevdenberg and Vollbrechty Ber. 66, 
2420; Ann. 429, 284; Frevdenbergy N. 8, 905), and also by “taka- 
diastase'' from As'pergillua Oryzae (Asahina and Higviiy Ber. 66, 
1959). For the depsides (phenol esters), alcoholysis (Asahina and 
Yanagitay Ber. 67, 1966; Asahina and Akagiy Ber. 68, 1130) and 
hydrolysis with HI (method of Zeisel) can be used with advantage. 
The oxidation of the depsides or their bromo-derivatives to the 
corresponding quinones with bichromate and acetic acid has been 
used for determining the constitution (Fuzikaway Ber. 68, 72). 

Properties similar to those of the tannins are shown by many 
aromatic glycosides (see p. 355) and natural colouring matters (see 
p. 406). 

B. Condensed tannins (phenol-ketones). With strong alkali these 
undergo fission at a carbon bond (Clausery Ber. 36, 105; Hlasiwetz 
and Pfaundlery Ann. 127, 351; HlasiwetZy Ann. 134, 118). 

Some members of this group (such as quinones, benzophenone- 
and xanthone-pigments, chalkones, the coloured compounds of coto- 
bark, and of kawa- and curcuma-root) are dealt with under the 
natural colouring matters. 

Besides the acid and alkali fission of the tannins (usually after 
permethylation or acetylation), the constitutions may be determined 
in some cases by reduction with Zn and alkali or acid (Boehniy 
Ann. 329, 269; Karrer, Helv. 2, 466), and by energetic oxidation 
with cone. HNOg (Einbeck and Jahlotiskiy Ber. 64, 1086). 

The various methods for synthesising the glucosidic link have 
already been described in the section “glycosides". 

The pioneering work in the synthesis of the depsides (phenol 
esters) was that of Emil Fischer, He obtained them from the carbo- 
methoxy- or acyl-derivatives of the phenol-carboxylic acids by the 
following series of reactions (Fischer and Hoeschy Ann. 391, 347; 
Fischery Bergmann and LipschitZy Ber. 61, 45); in the final hydrolysis 
a rearrangement takes place: 

RO RO RO RO 

Ro/ \.COCl ho/ S-COOH-* ^Ro/ \.COo/ ^-COOH 

\_/ • \_/ or 

RO ROT" tert. Amine RQ RO 


part, hydrol. 
rearr. 


HO COOH 

HO<^ ^COO<^~~^ 


A method which is similar in principle is the synthesis from 
phenol-carboxylic acid chlorides and aromatic hydroxy-aldehydes: 
the condensation product, a phenol-ester-aldehyde, is oxidised with 
permanganate to the phenol-ester acid (depside) (Currie and Russelly 
J. 1932, 2263). 

The tannins which are sugar-esters are prepared in a similar way, e.g. 
gaUoyl-j^-glucose from jff-tetracetyl-glucose and triacetyl-gallic acid 
chloride in the presence of quinoline, or from acetobromoglucose 
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and the silver salt of triacetyl-gallic acid {Fischer and BergnumUy 
Ber. 61, 1791). The partial formation of ethers (with diazomethane, 
dimethyl sulphate or triphenylmethyl chloride), partial acetal 
formation (with acetone or benzaldehyde) and acylation (with 
acetic anhydride or benzoyl chloride) make possible the s 5 nithesis 
of partially acylated compounds, and also the introduction of acid 
residues into various positions of the sugar molecule. 

The discovery of the Hoesch-Houhen phenol-ketone synthesis 
{Hoesch, Ber. 48, 1122; Hoesch and v. Zarzecki, Ber. 60, 462; Fischer 
and Nouriy ibid. 611, 693) has been particularly important for the 
synthetical preparation of condensed tannins. 

Tanning is used to preserve skins and convert them into leather, and makes 
them resistant to water and putrefaction. Phenolic compounds, fatty acids, 
aromatic sulphonic acids (artificial tannins), and also metallic salts (Cr and 
Al) are used for this purpose. The following technical processes are in use: 

Chamois tanning: with fats, fatty acids, to give wash-leather. 

Red tanning: with natural tannins, to give Moroccan and Russian leather. 

Tanning with artificial tannins, e.g. neradol. 

Mineral tanning: with chrome alum, bichromate (chrome leather), or 
Al sulphate (white tanning for glac4 leather). 


(a) HYDROLYSABLE TANNINS 

(a) DEPSIDES ^ 


Proto-lichesteric acid (I), CiQHg 204 , m.p. 105^ fa]r) —12*7®, from Iceland 
moss, Cetraria isUindica, is the only example of an aliphatic compound with 
an internal depside-liko bond. This unsaturated monobasic lactonic acid de¬ 
colourises permanganate at once, and is catalytically hydrogenated to a di¬ 
hydro compound C 10 H 34 O 4 , m.p. 101®. The presence of a chain of carbon atoms 
was shown by oxidation to myristic acid C 14 H 28 O 2 , m.p. 64®, and further by 
reduction with HI and P to a-methyl-a'-n-tetradecyl-succinic acid C«H 3 . 0 „ 
m.p. 133—135® {Asano and Azumiy Ber. 68 , 991), which has been synthesised 
from propane-aa^-tricarboxylic ester and tetradecyl iodide {Asano and Ohta, 
Ber. 67, 1842). The terminal position of the double bond was shown by 
ozonolysis, which yielded formaldehyde, formic acid, oxalic acid and 
a-hydroxy-pentadecanoic acid C 15 H 30 O 3 , m.p. 92®. Proto-lichesteric acid is 
a derivative of itaconic acid, and readily undergoes isomeric change in the 
presence of acetic anhydride to give the corresponding citraconic acid 
derivative, which is stable to permanganate. This is lichesteric acid (II), 
m.p. 124®, which can be degraded by alkali via the corresponding /?-keto- 
dicarboxylic acid into lichesterylic acid (III), f^i 8 B 8403 , m.p. 83® {Asahina, 
J. Pharm. Soc. Japan 1927, no. 639; Lehmann, Z. angew. Chem. 48, 1117; 
Asano and Kanematau, Ber. 66 , 1176): 


COOH 


Acetic 

anbyd. 


COOH 

HjC-(CH,)„-CH—C=C-CH. 


Alkali 

-—^ 

-CO, 


CH 3 . (CHa) 43 . CO. CHj. CH. CH 3 . 

ioOH 


The constitution of the latter acid (III) was proved by the Beckmann re¬ 
arrangement of its oxime to n-tridecylamine CH 8 *(CH 2 )i 2 *NHo, and a-methyl- 
Buccinic acid HOOC CH 2 CH(CH 3 ).COOH. 


^ Derived from ='to tan {E. Fischer), 
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Myristyl-citfic acid, nor-oa'peratic acid 

CH 3 • (CHa)ij. CH 3 . CH-C( OHh-CHg 

iooH (!:ooh ioc 


which is related to protolichesteric acid and lichcsteric acid, is also found 
in nature as its monomethyl ester, caperatic acid CgiHggOy, m.p. 133*6® 
(dimethyl ester C 2 aH 4207 , m.p. 67*6®), in the Japanese lichen Parmelia 
caperata {Hesse, J. pr. 67, 427). Hydrolysis with alcoholic potash gives nor- 
caperatic acid and palmitic acid, m.p. &2® {anilide m.p. 90*6°). The action 
of cone, sulphuric acid, which with citric acid leads to acetone, gives in a 
similar way methyl-pentadecyl-ketone Ci 4 H 29 *CH 2 -CO*CH 8 , m.p. 48® 
(semicarbazone m.p. 127®). Nor-caperatic acid can also be converted by the 
action of heat into the corresponding citraconic derivative 


COOCO 

with the loss of 1 mol. of water and 1 mol. of 00® {Asano and Ohio, Ber. 66 , 

1020 ). 

A higher homologue of nor-caperatic acid is found in the larch fungus 
Polyporus off. and Pomes off.', this is agaricic acid (1), C 22 H 40 O 7 , m.p. 142® 
(tnmethyl ester m.p. 64®); for its physiological properties, see p. 478. 

The oxidative degradation of the acid gives palmitic acid CigHjgOg. Being 
a substituted citric acid (cetyl-citric acid), treatment with cone, sulphuric 
acid gives a ketone, heptadecyl-mcthyl-kctone (II), CjjHjgO, m.p. 56®. Its 
conversion into methyl-hexadecyl-malcic anhydride (HI), CgiHgeOa, m.p. 
36®, by the action of heat, corresponds with the change from citric acid to 
citraconic anhydride {Siedler, Bcr, 12, 64; Germ. Pat. 130,073; Thoms and 
Vogelsang, Ann. 867, 146); 

II 

I C,eH33*CH2—CO—CH3 

CieHga-CH-C(OH)—CHg 

ill ^ 

COOH COOH COOH ^ C,,H,3 C==C—CH. 


(io-o-djc 


Agaricic acid has been reduced to methyl-hexadocyl-succinic acid C 21 H 40 O 4 , 
m.p. 133*6—136®, which has been svnthesised from propane-aa)3-tricarboxylic 
ester and cetyl iodide {Asano ana Ohta, Bcr. 67, 1842). 

Depsides are derived from certain phenol-carboxylic acids, 
chiefly those of the orcinol series (and their methyl ethers); the 
following are the more important of these acids: 


CH 3 

(^COOH 


CH. 

/\C00H 


HOl^'OH 

Orsellinic acid 


CHjOH 

f^COOH 


<^\C 00 H 


CH, 

/\C00H 


CHO 

Barbatol- 

carboxylio 

acid 


Methyl-orcinol- 
carboxylic acid 

CH 3 

H0/\C00H 

mo R. 

Thamnol- B.- 
carboxylic 
acid 


CHO 
Atranol- 
carboxylic acid 

R 

/\,COOH 


mOH 
Orcinol- 

dicarboxylic acid 
CHj-CO-CjHn 

tycoon 


CtH, Divaric acid 
CsHjj Olivetol-carboxylio 
acid 

C,Hu Sphaerophorol* 
carboxylic acid 


Olivetonio acid 



382 


TANNINS 


In the depsides the acid components, with the exception of gallic 
acid and v-pyrogallol-carboxylic acid, are always esterified on the 
hydroxyl para to the carboxyl group. 

The tannin acids described in the next section, lecanoric acid, erythrin, 
evernic acid, gyrophoric acid, tenuiorin and umbilicaric acid, contain only 
orsellinic acid (p. 381) or its methyl ether as components. 

Lecanoric acid, glabrcUic acid CieHi 407 , white needles, m.p. 166° {trimethyl 
ether CiqHjoO^, m.p. 148°), the didepside of orsellinic acid, is found in lichens 
of the genera Lecanora, Boccdla and Parmdia. Mild hydrolysis yields 2 mol. 
of orsellinic acid C 8 H 8 O 4 , m.p. 176°, which by the continued action of alkali 
is decarboxylated to orcinol C^HgOg, m.p. 101° {Zopf, Ann. 846, 98; Hesse, 
J. pr. 88 , 86 ). Dimethyl-dihydroxy-xanthone is formed by thermal de¬ 
composition {Roller and Pfeiffer, Mo. 62, 169). For the details of its syn¬ 
thesis from dicarbomethoxy-orsellinic acid chloride and orsellinic acid, see 
E, Fischer and H, O, Fischer, Ber. 46, 1138. 

The lichen Boccdla tinctoria contains erythrin CjoHagOio, m.p. 148°, the 
erythritol ester of lecanoric acid. Its hydrolysis with boiling water gives at 
first 1 mol. orsellinic acid and picroerythrin (the erythritol ester 

of orsellinic acid), which is decomposed further by baryta into erythritol 
C 4 H 10 O 4 and orsellinic acid or orcinol and CO. 2 . Treatment of erythrin with 
hot glacial acetic acid causes an interesting rearrangement to erythric 
acid (Hesse, J. pr. 78, 136; Ann. 199, 338): 



Evernic acid Ci 7 Hie 07 , m.p. 169°, is isolated from Evemia prunastri and 
from oak moss. Its degradation by alkali yields everninic acid C 9 Hio 04 , 
m.p. 170° (4-methyl ether of orsellinic acid), orcinol and COg {Zopf, Ann. 297, 
300; Fischer and Hoesch, Ann. 891, 351; Hesse, J. pr. 92, 430; Walhaum 
and Bosenthal, Ber. 57, 770); alkaline hydrolysis of the diethyl ether of the 
ethyl ester of evernic acid gives the ethyl ether of everninic acid CuHuO.. 
m.p. 87°, and the ethyl ether of the ethyl ester of orsellinic acid 
m.p. 89° {Bohertson and Stephenson, J. 1982, 1388). Hence evernic acid is 
the 4-methyl ether of lecanoric acid. The methylation of this lichen acid 
gives a compound identical with the trimethyl ether of lecanoric acid 
{E. Fischer and H, O, Fischer, Ber, 47, 606). The synthesis of the methyl 
ester of evernic acid CigHigO,, m.p. 148°, from acetyl-everninic acid chloride 
and the methyl ester of orsellinic acid {Bohertson and Stephenson, J. 1982, 
1388), and the synthesis of the methyl ester of diacetyl-evernic acid 
C 22 H 22 ^ 9 > ^-P* 129°, by partial hydrolysis of triacetyl-lecanoric ester followed 
by methylation of the diacetyl-lecanorio ester CaiHgoGa, m.p. 160° {Roller, 
Mo. 61, 147), confirms this constitution: 

CHa CHa 

0 CO^ /\cOOH 

OH oL loH . 

Gyrophoric acid, C24H2oOio‘HaO, m.p. 230° (decomp.), is prepared from 
various species of Oyrophora {Hesse, J. pr. 92, 466; Zopf, Ann. 800, 333). 
Its constitution as the tridepside of orsellinic acid is shown by molecular 
weight determinations (Asahina and Watanahe, Ber. 68 , 3044), and by the 
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syntheses of two of its derivatives, which have been carried out as follows; 
when the methyl ester of lecanoric acid is condensed with dimethyl-orsellinoyl 
chloride, methylation of the product gives the methyl ester of gyrophorio 
acid tetramethyl ether CggHgoOn,, m.p. 197® (Asaki/ia and Kutani^ J. Pharm. 
Soc. Japan 619 (1926), 1; Canter, Robertson and Waters, J. 1988, 493; Asahina 
and Fuziwaka, Bor. 66, 983). Further, partial hydrolysis of triacetyl- 
lecanoric methyl ester C 28 H 22 O 10 , m.p. 167®, and coupling of the product 
with diacetyl-orsellinoyl chloride gives tetracetyl-gyrophoric methyl ester 
C 88 H 8 oOi 4 , m.p. 202® {Roller, Mo. 61, 147). 

Tenuiorin, C 26 H 24 O 10 , ni.p. 180®, decomp. 238® (triacetate m.p. 196®), from 
the pulpy tissue of the lichen Loharia pulmonaria tenuior, is a monomethyl 
ether of gyrophoric methyl ester, since its trimethyl ether is identical with 
the tetramethyl ether of gyrophoric methyl ester, m.p. 196®. Tenuiorin is 
related to gyrophoric acid in the same way as evernic acid to lecanoric acid; 
this is shown by the hydrolysis of tenuiorin with methyl alcoholic KOH to 
everninic acid (p. 382), its methyl ester, m.p. 68 ®, and orsellinic methyl 
ester, m.p. 137®. Tenuiorin can also be obtained by the partial methylation 
of gyrophoric acid with diazomethane {Asahina and Yanagita, Ber. 66 , 1910). 

Umbilicaric acid, C 25 H 22 O 10 , m.p. 186®, which occurs in many species of 
Oyrophora, is the 2 -methyl ether of gyrophoric acid, and is isomeric with 
the free acid from the previous compound: 

CH3 CH8 CH3 

0 CO^' /\cOOH 

OCH, ^ol^OH 

(II) (I) 


Treatment with HI yields orcinol, CO 2 and CHgl, and methylation with 
diazomethane gives the tetramethyl ether of g 3 rrophoric methyl ester, m.p. 
195®, as with tenuiorin. By the action of alkali the molecule may be split 
either at (I), to give umbilicarinic acid C 17 H 18 O 7 , m.p. 180®, isomeric with 
evernic acid {Hesse, J. pr. 68, 478; 68, 546; Asahina and Watanahe, Ber. 68, 
3044), or at (II), to give lecanoric acid, dccomp. 183®, and iso-everninic 
acid, dccomp. 180® {Roller and Pfeiffer, Mo. 62, 241). With methanol the 
molecule is decomposed at the bond (I), yielding iso-everninic methyl ester 
CigHigO^, m.p. 166®, and orsellinic methyl ester (idem, Mo. 62, 369). 

Obtusatic acid, ramalic acid (I), CigHigO^, m.p. 203®, from the lichen 
Ramalina obtusata, is also present in the Chinese drug “shi-hoa”. It is 
hydrolysed by alkali to rhizoninic acid C 10 H 12 O 4 , m.p. 236® (4-methyl ether 
of methyl-orcinol-carboxylic acid, cf. p. 381), orcinol and COg (from nucleus 1); 
dimethyl-obtusatic acid gives the methyl ether of rhizoninic acid (II). m.p. 
105®, and iso-everninic acid (III), m.p. 114® (2-methyl ether of orsellinic 
acid), and hence the two components are linked together thus {Asahina and 
Fuzikawa, Ber. 66, 680; RoUer, Mo. 61, 286; Roller and Pfeiffer, Mo. 62, 241) r 


(I) 

CHs CH8 

/\cO. /\cOOH 
CHjOl^ ioH^ol^OH 


methylation 

-> 

and hydrolysis 


(II) (III) 

CH, CH, 

Q cooh^ /\cooh 

OCH, Holj^OCH,. 

J 


Formula (I) is confirmed by the synthesis of the dimethyl ether of ob- 
tusatio methyl ester C 21 H 24 O 7 , m.p. 126®, from the dimethyl ether of methyl- 
orcinol-carboxylic acid chloride and iso-everninic methyl ester {Asahina 
and Fuzikawa, J. pharm. Soc. Japan 68 , 162). 

Barbatinic acid (I) and diffractic acid (II), which are partially methylated 
depsides of methyl-orcinol-carboxylic acid (formula p. 381), have been found 
in nature: 
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(I) CH, CH, CH, CH, ( 11 ) 

Q CO\ /\cOOH t^COOH 

OH ot^JoH CHsol^JoCH.'^ol^JoH . 

'3 CH3 CH3 CH3 

Barbatinic acid (I), C^HgoO,, m.p. 191® (methyl ester m.p. 170®; methyl 
ether methyl ester m.p. 123®), occurs in tfsnea barbata and in species of 
Cladonia (Asahina and Fuzikawa, Ber. 67, 1793); it is decomposed by dilute 
baryta into rhizoninic acid (4-methyl ether of methyl-orcinol-carboxylic 
acid) and methyl-orcinol-carboxylic acid (formula p. 381), C9Hiq04, or methyl- 
orcinol C8H10O2, m.p. 163®, and CO2. The two acids are combined according 
to the general principles of depside formation {Stenhouse and Groves^ Ann. 
208, 286; Pfau, Helv. 9, 660; 11, 864, 871). Its methyl ester has been 
synthesised from acetyl-rhizoninic acid chloride and the methyl ester of 
methyl-orcinol-carboxylic acid {Robertson and Stephenson, J. 1932, 1676). 

Dilfractic acid, dirhizoninic acid C20H22O7, m.p. 190® (decomp.) (methyl ester 
m.p. 127®; methyl ether methyl ester m.p. 106®), was first isolated from the 
lichen Usnea Umgissima {Hesse, J. pr. 73, 120), and later from Usnea 
diffra^ta {Asahina and Fuzikawa, Ber. 66, 176). It contains two methoxyl 
groups, and on boiling with alkali decomposes smoothly into the monomethyl 
ether of rhizoninic acid, methyl-orcinol and COg: 


CHa 

CHa 


+ 

CHaOl jloCHa 

HOl JOH 

CHa 

CHa 


This proves the above formula (II). It has been synthesised from the 
dimethyl ether of methyl-orcinol-carboxylic acid chloride (methyl ether of 
rhizoninic acid chloride) and the methyl ester'of methyl-orcinol-carboxylic 
acid (atraric acid) {Asahina and Fuzikawa, Ber. 65, 683). For the identity 
of diffractic acid with dirhizoninic acid, see idem, Ber. 66, 1668, 

Atranorin, CigHigOg, a paleyellow compound m.p. 196® (trimethyl ether 
m.p. 123®), is a widely distributed lichen depside, first isolated from Lecanora 
atra; it is decomposed by alkali into atranol C^HgOg, m.p. 126® (y-orcyl- 
aldehyde, see Pfau, Helv. 9, 660; Robertson and Robinson, J. 1927, 2196), 
CO2 (from atranol-carboxylic acid) and atraric acid CioHi204, m.p. 143® (methyl 
ester of methyl-orcinol-carboxylic acid, p. 381); methyl alcohol yields 
atranolic methyl ester C10H10O5, m.p. 147® (haematommic methyl ester; 
synthesis: Curd, Robertson and Stephenson, J. 1933, 130; Pfau, Helv. 16, 
282) and atraric acid. The very mild action of alkali gives atranorinic acid 
CjgHigOg, m.p. 167®, the acid corresponding to atranorin {Pfau, Helv. 9, 
660; 11, 864; Curd, Robertson and Stephenson, loc. cit.). 

On the basis of these reactions, atranorin is given the following constitution (I); 
this is further supported by the catalytic reduction of atranorin with Pd -charcoal 
to nor-barbatinic methyl ester, m.p. 134®, and methylation of the latter to the 
methyl ether of barbatinic methyl ester (II), m.p. 123®, and to the methyl ether 
of dififractic methyl ester (III), m.p. 106® {Asahina and Tukamoto, Ber. 66,897): 


(I) CHa CHa CHa CHa (II) 

Q COv /\cOOCH, re ducMon^ 

OH^ol ioH methytaUon CH,oL ioH^ol ioCH, 
0 OTj (III) CTa 


permethylatioD 


CHa CHa 

/^COOCHa 

OCH^ol^OCHa 

« OTa 
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Squamatic add (I), m.p. 215^ can bo obtained from the lichen 

Clad^ia uncialia; that its constitution can be represented by (I) is shown by 
its hydrolysis to methyl-orcinol, m.p. 163®, CO 2 (formula p. 381) and the mono¬ 
methyl ether of orcinol-dicarboxylic acid (formula p. 381), m.p. 208®, or more 
clearly by the fission of its dimethyl ether dimethyl ester, m.p. 134®, into iso- 
rhizoninio methyl ester C 11 H 14 O 4 , m.p. 146®, and the dimethyl ether of orcinol- 
dicarboxylic acid C 41 H 1 JO 4 , m.p. 212® (Asahina and Yanagita, Ber. 66 , 36): 


(I) CH, 

CH, 

CHg 

CH, (11) 

f Y»\ 

CHgOL ^'OH 0 

/\C00H 


/\C00H 

yu 

HOl^ "OCH, 

'oyoH . 

COOH 

CHg 

COOH 

CH, 


Iso-squamatic add (II), CijHjgOj, m.p. 227®, occurs in Cladonia Boryi, 
Its hydrolysis leads to the monomethyl ether of orcinol-dicarboxylic acid, 
m.p. 203®, isomeric with that from squamatic acid, methyl-orcinol and COj, 
and methylation gives a dimethyl ether-dimethyl ester, m.p. 134®, identical 
with that from squamatic acid (idem, ibid. 393). 

Barbatolic add, Ci 8 Hi 40 io» m.p. 207® (decomp.), which accompanies 
barbatinic acid and usnio acid in Uanea barbata, can be shown to be the 
depside of atranol-carboxylic acid (formula p. 381) and barbatol-carboxylic acid 
(formula p. 381). Fission with alkali yields the corresponding phenolic alde¬ 
hydes, atranol CgHgOg, m.p. 126®, and barbatol CgHg 04 , m.p. 189®, and 2 mol 
COj {Schopf, Heuck and Duntze^ Ann. 491, 220), according to the equation: 


CHg CHgOH 

j^\cO. /\cOOH Alkali 
Hol JoH oL JoH 
CKO CHO 


CHgOH 


HOLyOH HOlx^OH 


2 CO 2 . 


Thamnolic add, CigHigOn, yellowish-white prisms, m.p. 213®, was first 
found in ThamnoUa vermicularis, and later in various species of Cladonia. 
Alkaline hydrolysis converts it into the monomethyl ether of orcinol- 
dicarboxylic acid (formula p. 381) CioHjoOg, m.p. 206®, and the decomposition 
products of thamnol-carboxylic acid (formula p. 381), thamnol CgHg 04 , m.p. 
186®, and COg. Fission of the permethylated compound yields the dimethyl 
ethers of orcinol-dicarboxylic acid and of orcinol (P/aw, Helv. 9, 668 ; Asahina 
and Ihara, Ber. 62, 1196; 66 , 66 ; Asahina and Fuzikawa^ ibid. 68 ). By 
analogy, it is assumed that the carboxyl para to the methoxyl group in the 
methyl ether of orcinol-dicarboxylic acid is linked with the phenolic hydroxyl 
group para to the carboxyl group in thamnol-carboxylic acid, and thus the 
formula attributed to thamnolic acid is: 


CHg CHg 

/\cO^ Ho'r^^COOH 
CHjOl^'oH ■ 

TOOK CTO ’ 

W Dlvaricatic acid C 24 H 24 O 7 , m.p. 137®, can be isolated from the lichen 
Fvemia divaricata; it is hydrolysed to divaric acid (formula p. 381), C 10 H 12 C 4 , 
m.p. 179® (synthesis, Sonn, Ber. 64, 1861; Asahina and Akagiy Ber. 68 , 
1130) and its 4-mcthyl ether, divaricatinic acid C 11 H 44 O 4 , m.p. 149®; both 
acids are degraded by HI to divarin C9H4202, m.p. 44® {Hesssy J. pr. 88 , 24; 
Mauthner, ibid. 108, 276). The constitution of the fission products has been 
established by synthesis (Bonn and Schefflery Ber. 67, 969; SonUy Ber. 61, 
2679; 64, 1861; MauthneVy J. pr. 107, 103). Since hydrolysis of the dimethyl 
ether of divaricatic methyl ester, m.p. 86 ®, yields the methyl ether of di¬ 
varicatinic acid Ci 2 H 4 e 04 , m.p. 64®, and the methyl ester of iso-divaricatinic 
acid (2-methyl ether of divaric acid CUH 14 O 4 , m.p. 93®), Ci 2 Hie 04 , m.p. 121® 
Eichter-Anschlltz 11. 25 
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{Aadhina and Hirahatay Ber. 65, 1665), the lichen acid has the following 
formula: 



ch,oL 


)oH 


<>- 




Sekikio acid (I), Cj^HgeOg, m.p. 144® {diacetate m.p. 163®; methyl ester 
m.p. 124®), is found with usnic acid and obtusatic acid in the Manchurian 
drug “shi-hoa”, the Japanese “seki-ka”, obtained from the lichens of the 
genus Ramalina. When hydrolysed, it gives divaricatinic acid (4-methyl 
ether of divaric acid) C 11 H 14 O 4 , and 3-hydroxy-divaricatinic acid C 11 H 14 O 5 , 
m.p. 168®. How the components are esterified is shown by the hydrolysis 
of the dimethyl ether methyl ester CjgHjgOg, m.p. 81®, into the methyl ether 
of divaricatinic acid (II), m.p. 64®, and the methyl ether of 3-hydroxy- 
divaricatinic methyl ester (III), m.p. 88 ®: 

(I) (II) (III) 


C3H, C,H, 

/\cOOH CH,0|<^,H, 

CHjol^JloH ^ol^iCOOH JoCH, Hol^^OOCH, 

The constitution of the latter acid (III) was proved by its conversion into 
3:6-dimethoxy-4-acetoxy-isopropyl-benzene, m.p. ^^^{AsahinaandiNonomura^ 
Ber. 66 , 30). JFor the synthesis of the dimethyl ether of sekikic methyl ester, 
see Aaahirui and Yaaue^ Ber. 68,132; of sekikic acid itself, see idem, ibid. 1133. 

The occurrence of the lichen depside sphaerophorin^ C28H2g07, m.p. 140® 
{diacetate m.p. 134®), has been observed in various species of Sphaerophorua. 
Its constitution 


CHgO 


CH, C,H,. 

/ScOOH 

VOH 


was determined by alkaline hydrolysis to everninic acid (4-methyl ether of 
orsellinic acid, see p. 381), m.p. 170® (decomp.), sphaerophorol (1-n-heptyl- 
3: 6 -dihydroxy-benzene, see p. 381), C 10 H 12 O 4 , m.p. 68 ®, and CO^ {Asahina 
and Haahimoto, Ber. 67, 416). 


Certain depsides are placed in a special group; these are diphenyl 
ethers as well as depsides, and contain one hydroxy-hydroquinone 
nucleus; e.g. psoromic acid, salazinic acid, stictic acid and cetraric 
acid. Their structures are derived from the following ring-system: 




s. 


A 


^ 0 / 




These diphenyl ether depsides are called by Asahina the “depsi- 
dones*' {Asahina, Acta phytochim. 8 (1934), 33, 47); one of their 
characteristic properties is to give a colouration with amines, such 
as aniline, and in particular with benzidine, p-phenylene diamine 
and KOH. This reaction makes it easy to show the presence of these 
acids in the thallus of lichens (loc. cit.). 


Psoromic acid, parellic a^cid, C^gH^gOg, m.p. 264® (decomp.), can be obtained 
from the lichen Paoroma craaaum and is characterised by its mono-anil, 
decomp. 299®, and a triacetate, m.p. 179®. The depside link is broken even 
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by cold potash, givingparinicacid CigHigOp, m.p. 235^ (decomp.). The products 
obtained by dry distillation provide evidence for the structure of the acid* 
because it decomposes uniquely into 3-hydroxy-6-methoxy-4-methyl-phthalic 
acid CioHaOg, m.p. 266®, monomethyl ether m.p. 166®), and atranol, CgHgO., 
m.p. 126® (Acahina and Hayashi, Ber. 66 , 1023): 



COOH 
<A,C00H 


CHoOl 


+ 


CHO 

HO/^H 


V 


X X, 

HOl 


CHg CHg 

The structure of salazlnic acid (I), CjgHuOioj decomp. 240—260® (tri¬ 
acetate m.p. 207®; hexacetate m.p. 178®; diphenylhydrazone m.p. 270—296®), 
from Parmelia conspersa, cetrata and saxtilis, etc. {Hesse, J. pr. 62, 474; 
63, 636; Asahina and Tanase, ibid. 67, 1434; Zopf, Ann. 862, 6 ; Asahina, 
J. Pharm. Soc. Japan 1926, no. 633, 47) has been determined by a com¬ 
bination of hydrogenation and alkali degradation {Asahina and Asano, Ber. 
66 , 689, 893, 1031, 1216). 

Catalytic hydrogenation (with Pd-charcoal) gives at first hyposalazinic 
acid CigHi^Og (II), dccomp. 240-280® (trimethyl ether m.p. 166®), and hypo- 
proto-cetraric acid (see p. 388) Ci 8 Hig 07 (III), decomp. 216—242® (dimethyl 
ether methyl ester m.p. 170®); further reduction of (II) with Zn and acetic 
acid gives hyposalazinolide C 18 H 14 O 7 (IV), m.p. 300® (dimethyl ether m.p. 
283®). The latter reduction pr^uct can be decarboxylated with 60% KOH 
to hyposalazinol CieHigOg (V), m.p. 197® (trimethyl ether m.p. 146®) which 
by hydrogenation gives desoxy-hyposalazinol CigHigOg (VI), m.p. 186® 
(trimethyl ether m.p. 96®), identical with the decarboxylation product of (III): 

COO CHj'OH 




\ 4 o\o/ 

HO-CH 




|H(Pd) 

COO 

/ jcOOH 

0^ 


iHgOH. 


a-Methyl other of salazinic acid (p. 388) 
‘ ’^OCHg instead of OH = ^-Methyl ether of salazinic acid (p. 388) 


The determination of the constitution of the above compounds is carried 
out by pyrogenic degradation and fusion with potash. While the dry distillation 
of salazinic acid itself leads to atranol (VII, below) CgHgOg, m.p. 126®, 
the reduction products yield methyl-orcinol (VIII) CgHigOg, m.p. 163®, 
showing that the aldehyde group has been reduced to a methyl group. 
Potash fusion eliminates the hydroxy-methyl group from the second half 
of the molecule of salazinic acid, giving a-resorcylic acid (IX) C 7 Hg 04 , m.p. 
232®, while the hydro-derivative gives the second half as 3: 6 -dihydroxy- 
p-toluic acid (X) CgHg 04 , m.p. 262® (dimethyl ether methyl ester m.p. 106®): 



CH, 


Hi 


iOH 


X 

V 

COOH 


These results lead to formula (I) for salazinic acid. 


25* 
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The lichen Usnea articulata var. asperuJa Mull. Arg. contains two acids 
Ci 9 Hi 40 io» m.ps. 210® (decomp.) and 262® (decomp.), which have been 
shown from their fission products to be a- and )5-methyl ethers of salazinic 
acid (formulae, p. 387) respectively {Asahina and Tukamoto, Ber. 67, 963). 

Stictic acid, C 19 H 14 O,, m.p. 269® (diacetate m.p. 236®; tetracetate m.p. 
222®; dianil dec. 166®), from the lung lichen Sticta pulmonaria {Hesse, 
J. pr. 67, 441; 70, 491) and from Ramalina scopulorum {Hurd and Robertson, 
J. 1985, 1379), can be reduced to the monomethyl ether of hyposalazinic 
acid (see p. 387), CigHjeOg, m.p. 264®, and of hyposalazinolide CigHjeO, 
(p. 387); thermal degradation gives atranol monomethyl ether CgH 702 ( 0 CH 3 ), 
m.p. 78®. This identifies it as the monomethyl ether of desoxy-salazinic acid 
{Asahina, Yanagita and Omaki, Ber. 66, 943; Asahina, Yanagita, Hirakata 
and Ida, ibid. 1080; Asahina and Asano, ibid. 1216; Asahina and Yanagita, 
ibid. 67, 1966): 


CHgOi 


CHs CHg 

^/COO\^OH 
i J^O. 

CHO^O-"" I ! 

HO CH - O 


* The demethylation product, nor-sticttc acid CigHjgOg, m.p. 283® (decomp.) 
(pentacetate m.p. 212®; dianil m.p. 266®) is also found in these lung lichens 
(idem, ibid. 67, 799). 

Oefoaric acid (I, R — Rj), CjoHigOg (dimethyl ether methyl ester m.p. 
162®; anil m.p. 260®), is present in Iceland moss, Getraria islandicxi, as fumaro- 
proto-cetraric acid (I, R = Rg), decomp. 240—260® {Roller and Handler, 
Mo. 66, 234), and is obtained from the lichen as the acid because of alcoholysis. 
Catalytic reduction of either acid with Pd converts a formyl group into a 
methyl group, and, in addition, the former loses its ethoxy-group and the 
latter its fumaric acid residue, with the formation in both cases of hypo- 
proto-cetraric acid CjgHigO, (II), decomp. 216-246® (dimethyl ether methyl 
ester m.p. 170®); the latter compound is also obtained as a by-product from 
salazinic acid under the same conditions (see p. 387). The carbon skeleton 
of the acid is thus essentially proved, but the position of the alcoholic hydroxyl 
remained to be settled. This was established by the potash fusion of cetraric 
acid and its reduction product: the half of the molecule of cetraric acid 
which was uncertain was degraded to a-resorcylic acid (3:6-dimethoxy- 
benzoic acid, m.p, 182®), while the hydro-product gave 3;6-dihydroxy-p- 
toluic acid (3:6-dimethoxy-p-toluic methyl ester, m.p. 105®). The following 
formulae therefore show the hydrogenation of this lichen acid {Asahina 
and Tanase, Ber. 66, 700; Asahina and Asano, ibid. 893; 1215; Asahina 
and Tanase, Ber. 67, 411): 




HOI 


u, 

CHO\0 


Ri 

B. 

Capraric acid, 

220-260®), which 
shown to be the 
acid (I). R = OH) 
Ber. 67, 766). 



y<^MOO H s„eoiiiic acid 
!H, CH,\o/ CH, +HsO 

^OCgHg Cetraric acid 

— OOC*CH:CH*COOH Fumaro-proto-cetraric acid. 
Ci 8 Hi 409 , decomp. 220—260® (mono-acetate decomp, 
occurs in the Japanese lichen Parmelia caperata, has been 
parent hydroxy-compound of cetraric acid (proto-cetraric 
{Asahina and Yanagita, Ber. 66, 1217; Asahina and Tanase, 


The following group of lichen acids are distinguished by the fact 
that their molecules contain one ketonic group, as in olivetoric 
acid and physodic acid, or several such groups, as in alectoronic acid 
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and collatolic acid, in a residue attached to an aromatic nucleus, 
e.g. —CHg*CO-C 5 Hii. Some of them also have a diphenyl ether 
structure, and thus belong to the depsidones (see p. 38G). The 
formation of keto-enol-lactones as fission* products is also cha¬ 
racteristic of these compounds, e.g. olivetonide or the mono-methyl 
ether of olivetonide. 


Olivetoric acid, CseH320g, m.p. 161®, has been found in Parmelia olive- 
torina and in the Japanese lichen Alectoria divergens {Zopf, Ann. 813, 342; 
HessCf J. pr. 94, 227). Fission of the acid with formic acid or methyl alcohol 
leads to olivetol CnHigOg, and COj, which are the decomposition products 
of olivetol-carboxylic acid Ci 2 Hig 04 (formula p. 381), and olivetonide c»h „04 
(dimethyl ether m.p. 94“). The side-chain CjHn of the dihydroxy-benzene 
CiiH 13 O 2 was shown to be normal by its oxidation to n-caproic acid. Olive¬ 
tonide is hydrolysed by hot caustic potash to olive tonic acid 
HOOC - C3H2(0H)2* CH 2 - CO. C 5 H 11 

(formula p. 381); its dimethyl ether is oxidised by permanganate to 3;6-di- 
methoxy-o-phthalic acid and n-caproic acid; hence its structure is 3-n-amyl- 
6 : 8 -dihydroxy-isocoumarin. When diazomethane is allowed to react with 
olivetoric acid for a short time, the product is a dimethyl ether methyl 
ester, which is converted by alcoholic potash into the 2 -monomethyl ether 
of olivetol-carboxylic acid methyl ester and the monomethyl ether of olive¬ 
tonide (3-n-amyl-6-methoxy-8-hydroxy-isocoumarin), C 15 H 18 O 4 , m.p. 57® 
(Asahina and Asano, Ber. 65, 476, 684). 

CgHii-COGHj 

/\c0-0/\0 H 
HoL JoH ^JcOOH 
Xhu 

Olivetoric acid 


CH-=C.C5Hii 

j^|Co-6 
Hol JoH 

Olivetonide. 


The same components (olivetol-carboxylic acid and olivetonic acid 
formulae p. 381) are present in physodic acid (I), CjeHjoOg, m.p. 206® 
(monoxime m.p. 210®; diacetate m.p. 166®), obtained from the Japanese- 
lichen Parmelia phyaodes. This is shown by the products obtained by potash 
fusion (II), which are orcinol. n-caproic acid, CO 2 (from VIII), olivetol (n-amyl- 
resorcinol) and COg (from VII). The monomethyl ether of physodic methyl 
ester, m.p. 119®, is oxidised by KMn 04 to the monomethyl ether of olive¬ 
tonide (III). By treatment of the lichen acid with formic acid or with quino¬ 
line and Cu it undergoes enol-lactonisation and simultaneous decarboxylation, 
yielding physodone C 25 H 80 O 8 (IV), m.p. 199®. The following scheme shows 
the essential reactions upon which the constitution is based {Asahina and 
Nogami, Ber. 67, 806): 


. CO. CH 2 CH8+ HOOC. CjHn Ho/\nTT 

/Y00 -/Vh koh A+co. " ^ 

Holfv 1 JcOOH ^Hol 


HOl 



lOH 


+ 


+ CO, 




CH, 


( 11 ) 


^co 6 

(III) 
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Alkali degradation of the trimethyl ether of physodic dimethyl ester leads 
to proto-physodon C 2 iH 2804 , caproic acid and two mol. of CO^; bromination 
and Cr08-oxidation of this diphenyl-ether gives the corresponding quinones 
{Aadhina and Nogami, Bet. 68, 77). For the synthesis of a derivative of 
physodic acid, see idem, ibid. 68, 1600. 

The following two acids are closely related to physodic acid; alectoronic 
acid, CggHjjO,, m.p. 193® (triacetate m.p. 123®; trimethyl ether methyl ester 
m.p. 114®; dioxime m.p. 194®), obtained from species of the Japanese Alectoria 
{Aaahina and Hashimoto, Ber. 66 , 641), and its monomethyl ether, collatollio 
acid (I), C 29 H 84 O 8 , m.p. 125®, from Cetraria collata {Asahina, Kanaoka and 
Fuzikawa, ibid. 649). 

The acids are lactonised by boiling with formic acid, to give alectorone 
P«H ggOg, m.p. 198® (triacetate m.p. 168®; monoxime m.p. 226®) and collato- 
lone (11)f C^gHggOg, m.p. 142®. The products obtained from the potash fusion 
of alectoronic acid, viz. two mol. of caproic acid (anilide m.p. 98®), orcinol, 
m.p. 68 ®, 6 -hydroxy-l:3-dimethyl-benzene CgHigO, m.p. 60®, and the 
corresponding 5-hydroxy-l-methyl-benzene-3-carboxylic acid CgHgOg, m.p. 
208®, indicate that the molecule contains two different aromatic nuclei. 
Oxidation of the monomethyl ether with permanganate gives the mono- 
methyl ether of olivetonide (III), which is already known (for the proof of 
its constitution, see p. 389); 


^\co6 


CHgOi^^'OH 


CHg 

/5\ch,o/\och, 


(III) 


CH, 

(IV) 


Important conclusions can be drawn from the formation of the dimethyl- 
ether derivative, the trimethyl ether of alectol C 17 H 20 O 4 (TV), m.p. 96®, from 
the dimethyl ether of collatolic methyl ester by treatment with alcoholic 
potash followed by formic acid. The constitution of this compound has been 
determined by degradation to orcinol, m.p. 68 ®, and a-resorcylic acid 
(3;6-dihydroxy-bcnzoic acid), m.p. 232®, or to two mol. of methoxy- 
toluquinone, m.p. 151®, and by its synthesis from the potassium salt of 
orcinol monomethyl ether and bromo-orcinol dimethyl ether. The ready 
formation of the methyl ether of olivetonide (III) shows that in the natural 
product there is a caproyl residue on the 6 -methyl group and a carboxyl 
group on the 6 -carbon atom of alectol. The occurrence of a di-enol-lactone 
(collatone [II]) leads to the assumption that the second aromatic residue 
has a similar structure. Since it gives a positive chloride of lime reaction 
(showing the presence of two meta-hydroxyl groups), the formula (I) is given 
to collatolic acid {Asahina and Fuzikawa, Ber. 67, 163); 




• CO CHg 


CHgOl 



r 

IHgCOCgHn 


CHgOl 



The depsides so far considered have been almost entirely deriva¬ 
tives of resorcinol, but tannin-like substances are known which 
contain a gallic acid nucleus. 


m-Bigallic acid (I), ellagic acid (II) and luteolic acid (III), condensation 
products of gallic acid, play an important part as constituents of sugar- 
esters (see p. 392). 
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HO 


ho/ ^coo-^^^ ^ 

(I) Hb^ 


COOH HO O-CO 

Hb“bH "^0 0 “ot (II) 

HO OH COOH 

“O-O* 

(III) CO—O OH 


The tannin of coffee beans, chloro^enic acid CieHigO®, was discovered 
by Payen in 1849 (Ann. Chim. Phys. 26, 108) and is present in the beans 
as the potassium caffeine salt CiaHi 709 K*CgHio 02 N 4 , to the extent of about 
3—4%. Dilute sulphuric acid seta free the acid, which is hydrolysed by 
moulds or by tannase {Freudenberg, Ber. 53, 232) to 3 : 4-dihydroxy-cinnamic 
acid and quinic acid (l:3:4:6-tctrahydroxy-cyclohexane-l-carboxylic acid, 
a-hydroxy-hexahydro-gallic acid [p. 136], see Fischer and Dangschat, Ber. 
65, 1109). The formation of a complex of chlorogenic acid and acetone, which 
is insoluble in bicarbonate, and the fission of its permethylation product 
to 3:4-dimethoxy-cinnamic acid and the 1:4: 6 -trimethyl ether of quinic 
acid, which can form a lactone (idem, ibid. 1037), shows that the acid has 
the structural formula: 

OH COOH 

KO<^ ^^H:=CH—COO— \ h, . 

HOH HOH 


The following anthocyanin-depsides fall under the Natural Colouring 
Matters (see pp. 440 and 460): 

Salvianin, CgoH^gOig, the malonic acid depside of pelargonidin-diglucoside, 
from Salvia cocctnea {Willstaiter and Bolton^ Ann. 412, 113). 

Delphinin, C 41 H 38 O 21 , the p-hydroxy-benzoic acid depside of delphinidin- 
diglucoside, from the larkspur. Delphinium consolida {Willstaiter and Mieg^ 
Ann. 408, 61; Karrer and Widmer, Helv. 10, 6 , 67; Karrer and Schwarz^ 
Helv. 11, 916). 

Monardaein, C 3 gH 3 gOi 7 , the p-hydroxy-cinnamie acid depside of pelar- 
gonidin diglucoside, from the sweet bergamot, Monarda didyma {Karrer and 
Widmer, Helv. 10, 67; 11, 837). 

Gentianin, C 30 H 25 O 14 , the p-hydroxy-cinnamic acid depside of the del- 
phinidin-glucoside from Gentiana (idem, ibid. 10, 73). 

Finally, among the depsidcs mention may be made of a closely related 
type of compound with an enol-ester structure, Tulpinic acid^ C„H„ 0 ., 

O -CO 

CjHs • 0==.- i —C=(!;- CjHj 

CHjOodi Ah 

which occurs in lichens, and its p-methoxy-derivative, pinastrinic acid (for 
their constitution, see under natural colouring matters, p. 438). 

A great number of dopsides still uninvestigated will bo found in the list 
given in the monograph on Lichen Substances, by W. Brieger, in Abderhal- 
den^s Handbuch der biolog. Arbeitsmethoden, Lfg. 20. 


{p) SUGAR-ESTERS 

The mono-acyl derivatives of the sugars, the simplest members 
of this class of compounds, do not show the typical protein pre¬ 
cipitation reaction of the true tannins; this depends on the presence 
01 phenol-carboxylic acid residues in the tannin molecule. 
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Lutelc acid, which can be built up from glucose by Penicillium luteum 
{Raistrick and Rintoul, Phil. Trans. B. 220 [1931], 1), is an acyl derivative 
of a complex carbohydrate, luteose. Complete hydrolysis with dilute H 2 SO 4 
gives two mol. glucose and one mol. malonic acid. 

Yaccinin, CuHieOy, [a]D + 48®, has been isolated from the juice of the 
whortleberry (Vaccinium vitis idaea). The compound has reducing properties 
and forms a phenylhydrazone, but no osazone; it is probably ^-benzoyl- 
glucose {Okie, Biochem. Z. 131, 611). 

Bibenzoyl-glucoxylose, CjsHjjgOia, m.p. 148®, [a]D — 106*7®, is found in the 
twigs of latifolia {Power &nd Salway^ J. 105, 767,1062; Tutiriy J. 107,7). 

Salireposide, CjoHajOiq, m.p. 167® and 206®, [a]D — 36*8, which occurs 
in various species of Salix, gives on hydrolysis benzoic acid, glucose and a 
compound C^HjOg {EahaUy Bull. Soc. Chim. biol. 17 (1936), 328). 

Orobanchin, from the bulbs of Orohanche rapuniy can be hydrolysed to 
caffeic acid, glucose and rhamnose {Bridel and Charaux^ C. r. 178, 1839). 

Glucogallin, CigHieOjo, m.p. 212® (decomp.), [a]D — 26 (HgO), heptacetate 
m.p. 126®, [a]D — 24*4®, from the roots of the rhubarb. Rheum officinale 
{Oilson, C. 1903 I, 882), has been identified as l-galloyl-)3-glucose by its 
synthesis from 2;3:4:6-tetracetyl-glucose and triacetyl-galloyl chloride 
(Feiatf Ber. 46, 1493; Fischer and Bergrmnn, Ber. 51, 298, 1760, 1791). 

Acertannin, CjoHaoOig, m.p. 166®, [ajo f 20*6® (acetone), acetate m.p. 
166®, is found in a maple, Acer ginuola, indigenous to Korea. Hydrolysis 
with 6 % H 2 SO 4 gives two mol. gallic acid and an unknown sugar, “aceritol” 
CgHijOg (tetracetyl-compound m.p. 76®), see Perkin and Uyeda, J. 121, 66 . 

l^traiin^ CggHgaOig* m.p. 206®, which is also contained in rhubarb, is 
decomposed by hydrolysis into glucose, cinnamic acid, CgHgOg, gallic acid, 
C 7 H 4 O 5 , and “rheosmin”, CjoHigOg, m.p. 79*6® (probably hydroxy-cumin- 
aldehyde) (see Oilson^ C. r. 136, 386; C. 1903 I 882; Feisty Chem. Ztg. 32, 918). 

Hamamelitannin, C 2 oH 2 oOi 4 , m.p. 117®, is found in the witch hazel, Hama,- 
metis virginiana. Hydrolysis with tannase gives two mol. gallic acid and 
hamamelose, [ap] — 16®, a hexose with a branched chain, as is shown by the 
reduction of the corresponding hexonic acid to methyl-propyl-acetic acid 
{Schmidt, Ann. 476, 260). The tannin can be allotted the following formula 
{Freudenherg, Ber. 62, 177; Freudenherg and Peters, Ber. 63, 963; Freuden- 
berg and Bliimmel, Ann. 440^ 46); 

HO OH OH 

HO<^ ^COO • CH,—CH—CH—C—CHj • OOC^ ^OH. 

H(r^ I OH I 

0-- - HC OH 

The East Indian myrobalans, the fruits of Terminalia chebula, contain 
3—4% of chebulicacid, C 41 H 34 O 27 , [a]D4-16® (CHgOH+HgO), which is hydro- 
lysed by dilute NaOH or by tannase according to the equation {Freuden- 
berg, Ber. 62, 1238; Freudenherg and Fick, Ber. 63, 1728): 

C4iH,4087 + 6 H 2 O C, 4 H 440 u + 3 C,He 05 + CeH^gOe 

dibas. hydroxy-acid gallic acid 

The unknown hydroxy-acid shown in this equation is combined with glucose 
through a hydroxyl group and through one carboxyl group; the second 
carboxyl is free; of the three gallic acid residues, two at least are attached di¬ 
rectly to the sugar molecule. In agreement with this, partial hydrolysis yields 
digalloyl-glucose, gallic acid and the unknown hydroxy-acid {Freudenherg 
and Frank, Ann. 462, 303). 

Turkish tannin, [a]D + 96®, from Quercus infectoria (Aleppo galls), is hydro- 
Wsed to five mol. gallic acid and one mol. glucose {Fischer and Freudenherg, 
Ber. 47, 2486). Synthetic pentagalloyl-glucose shows a very striking similarity 
to the natural product {Fischer and Bergrmnn, Ber. 61, 1779; 62, 836). 

Sumaoh-tanntn, obtained in Mediterranean countries from Rhus coriaria, 
etc., also contains pentagalloyl-glucose together with ellagic acid {Lowe, 
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Z. anal. Chem. 12, 128; Stenhouae, Ann. 45, 11; J. 11, 401; Strauss and 
OeachwendneTf Z. angew. Chem. 19, 1124). 

Chinese tannin, [ajo + 76®, is obtained from Bhus semialatay and con¬ 
tains 10 mol. of gallic acid to 1 mol. of glucose. The permethylated compound, 
methylotannin, obtained by the use of diazomethane, is hydrolysed by 
alkali into 5 mol. of the trimethyl ether of gallic acid, 6 mol. of the 3:4-di¬ 
methyl ether of gallic acid, and 1 mol. of glucose; hence the compound is 
penta-m-digalloyl-glucose {Herzig and Tscherne, Ber. 38, 989; Herzig and 
Rennery Mo. 30, 643). The sjmthetic tannin corresponds very closely to the 
natural product {Fischer and Frevdenhergy Ber. 46, 1127; Fischery Ber. 62, 
826; Freudenberg and Scilasiy Ber. 55, 2813; 56, 406). 

The ellagic acid group of tannins is also widely distributed. Ellagic acid« 
Ci 4 H(jOg (see p. 390) (tetracetyl-compound m.p. 346®) has been found e.g. 
with gallic acid and sugar in divi-divi pods of species of Caesalpiniay in carob 
beans {AlperSy Arch. Pharm. 244, 616), in the pomegranate tree {Punica 
granatum) {Bemboldy Ann. 143, 286), etc. 

Ella^c acid dimethyl ether, CigHioOg, m.p. 338® (diacetate m.p. 300®), 
occurs in Euphorbia formoaa {Shino^ and KuUy J. Pharm. Soc. Japan 
51 (1931), 60). 

The myrobalans appear to contain a diglucose ester of luteolic acid 
(p. 398), ellagen-tannic acid, CjeHggOig {Nierenateiny Ber. 43, 1267). 

Gall tannin is contained in the galls produced by Cynipa calicia on un¬ 
ripe acorns of Quercua cerria. Complete hydrolysis gives glucose and ellagic 
acid. Since, however, hydrolysis of the permethylated tannin, followed by 
methylation, yields the pentamethyl ether of luteolic methyl ester, m.p. Ill®, 
the natural product must be a luteolic acid glucoside {Nierenateiny J. 115, 
1174). 

Ellagic acid, gallic acid, quercetin and glucose can be isolated from the 
wood of the chestnut {Caatanea vesca) {Freudenberg and Walpuakiy Ber. 
54, 1696). 

The tannin of the oak {Quercua pedunculatUy etc.) is based, according to 
Freudenberg, upon a new tannin acid, quercusaic acid {Freudenberg and 
Vollbrechty Ann. 429, 284), which contains glucose as a glucoside and ellagic 
acid as an ester; the fission products are obtained by fermentative degradation 
(idem, Ber. 55, 2420; Nierenateiny J. 115, 1174). 

(h) CONDENSED TANNINS AND RESIN ACIDS 

These can be grouped into derivatives of pyrocatechol and those 
of phloroglucinol. 

The simplest members of this class of compounds are p-hydroxy-aceto¬ 
phenone and acetovanillone, which occur naturally as the glucosides picein 
(p. 366) and androsin (p. 366). 

Gingerone {Zingerone)y C11H14O3, m.p. 41®, is isolated from the ginger. 
Zingiber officinaUy together with gingerol and shogaol. Its mono-methyl 
ether is oxidised by permanganate to veratric acid, (CH 30 ) 2 CgH 3 -C 00 H, 
and is degraded by hypobroraite to ^-3 ;4-dimethoxyphenyl-propionic acid, 
(CH 30 ) 2 CgH 3 *CH 2 *CH 2 *C 00 H, and thus must be 3:4-dimethoxy-benzyl- 
acetone, (CH 0 ) 2 C«H 3 .CH 2 -CH 2 C 0 CH 3 , m.p. 66 ® (oxime m.p. 93®). The 
constitution of gingerone as 3-methoxy-4-hydroxy-benzyl-acetone has been 
proved by its synthesis from vanillin and acetone via 3-methoxy-4-hydroxy- 
styrylmethyl ketone, m.p. 129® {Nomuray J. Ill, 769). 

Shogaol, C17H22O3, a yellow oil of b.p. 231—238®/16 mm., which occurs 
with gingerone in ginger, is an a/?-unsaturated ketone (dihydro-compound 
C 17 H 24 O 3 , m.p. 31®; benzoy compound m.p. 63®; semicarbazone m.p. 104*6®, 
see Nomura and Tsurumiy Sci. Rep. Tohoku 16 [1927], 681). Its formula 
(CH 30 )(H 0 )C 3 H 3 -CH 2 *CH 2 *C 0 -C 7 Hij is based upon similar degradations 
{Nomuray ibid. 7 [1918], 67); its synthesis from gingerone and n-caproio 
aldehyde shows it to bo 3-methoxy-4-hydroxy-phenylethyl-J^**-heptenyl 
ketone {Nomura and Tsurumiy Proc. Imp. Acad. Tokyo 2 [1926,] 229; 3, 169). 
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Olngerol, a yellow oil, also prepared from ginger, has been 

shown to be a ketol of the following constitution by its formation from 
gingerone and n-heptaldehydo {Lapworth, Pearson and Jtoyle, J. Ill, 777): 

CH 3 O 

OHj. CHj. CO. CHa • CHOH • (CHa)5 • CH3. 

Compounds of similar type to these three substances are contained 
in the following tannin acids: 

^‘Unishlol^% from the Japanese lac from Rhusjjernicifera^ is a mixture 
of hydro-ur^hiol, CjiHjaOa, urushiol C 2 iH 3402 (l M and dehydro-urushiol 
^81^8202(21“). The latter compound is identical with “bhilawanol”, the 
bitter substance of the ink nut, Senecarpus anacardium {Pillay and Siddigui, 
J. Indian Chem. Soc. 8 [1931], 617). Oxidation of hydro-urushiol, m.p. 68 ®, 
with permanganate gives palmitic acid, while its dimethyl ether, m.p. 37®, 
yields 3:4-dimethoxy-benzoic acid {Majima &nd Nakamura, Ber. 46, 4080). 
The position of the double bonds in the side chain of both unsaturated acids 
can be determined from the products of ozonolysis, which are hoptanal or 
heptanoic acid, and formaldehyde or formic acid together with 3:4-dimethoxy- 
phenyl-n-octanoic acid and azelaic acid. The following formulae must 
therefore be allotted to the acids from “urushiol’* {Majima, Ber. 66 , 172): 

(HO)2C8H3.(CH2)i4CH3 

(H 0 ) 2 C 8 H 3 . (CH 2)7 -CH^CH . (CH2)5 • CH 3 

(H0)2C8H3.(CH2)7 .CH=CH.(CH2)4 CH:-CH2 . 

The synthesis of the dimethyl ether of hydro-urushiol was carried out from 
/3-(3:4-dimethoxyphenyl)-propionyl chloride and sodium-dodocine, in the 
following stages {Majima, Ber. 48, 1693; Majima and Tahara, ibid. 1606): 

(CH 30 ) 2 CeH 8 .CH 2 CH 2 -C 0 Cl + NaC=C.(CH2)9CH3 

(CH 30 ) 2 C 3 H 3 . CHg • CH 2 • CO—C=C. (CH 2)2 • CH 3 
(CH30)2CeH8. CH 2 . CH 2 . CO .^CH 2 )n • CH 3 

Clemmensen | reduction 

(CH30)2CeH3.(CH2)i4-CH3. 

Thitsiob C 23 H 33 O 2 , an oil from the thitsi- or Burma-lac from Melanorrhoea 
usitata, is catalytically hydrogenated to tetrahydro-thitsiol, C 23 H 40 O 2 , m.p. 
96®; this is identical with l-n-heptadecyl-3:4-dihydroxy-benzene, which has 
been synthesised by the condensation of margaric acid and pyrocatechol, 
followed by Clemmensen reduction. Thitsiol is therefore 1-n-heptadecadienyl- 
3:4-dihydroxy-benzene {Majima, Ber. 66 , 191). 

The tsuta-urushi-lac obtained from Rhus succedanea, which grows in 
Indochina and Formosa, contains the closely related laccol, C 22 H 3402 » m.p. 
23®. Its relationship to thitsiol is shown by the permanganate oxidation of 
its tetrahydro-derivativo (l-n-hexadecyl-2:3-dihydroxy-benzene), m.p. 64® 
(diacetate m.p. 67.6®), to stearic acid. Ozonolysis of laccol yields nonane- 
1 :9-dicarboxylic acid and formic acid, and hence it is given the constitution: 
l-(l: 12 -hexadecadienyl)- 2 :3-dihydroxy-benzene (idem, ibid.; Bertrand and 
Brooks, C. r. 196, 406; Bull. Soc. chim. 63 (1933), 432). 

The latex of the kambodja lac tree {Melanorrhoea laccifera) contains a 
methyl homologue of the latter, moroakol, C23H3e02, m.p. 28®, b.p. 242-260®/ 
0*6 mm., diacetate b.p. 233—240®/0*3 mm. (tetrahydro-compound, b.p. 
280—290®/12 mm.; diacetate m.p. 70*6®) (idem, C. r. 197, 661). 

Anacardic acid (I), C 22 H 3 g 03 , m.p. 23—26® {Pillay, J. Indian Chem. Soc. 
12 [1936], 226), is a phenol-carboxylic acid isolated from Anacardium occi- 
dentale and A. orientate. When its tetrahydro-methyl-ether methyl ester 
is vigorously oxidised with CrOj, the aromatic nucleus is destroyed and 
the product is palmitic acid. Decarboxylation of anacardic acid gives a 
homologue of phenol, CjiHgjO; this is hydrogenated with platinum oxide 
and hydrogen to the cyclic alcohol, C 21 H 42 O, m.p. 31®, the aromatic nucleus 



RESIN ACIDS 


395 


being reduced as well as the aliphatic double bonds. This alcohol can be 
dehydrated and reduced to pentadecyl-cyclohexane, m.p. 26®. Anacardic 
acid is tentatively given formula I; the positions of the substituents in the 
benzene nucleus and the positions of the double bonds in the side-chain 
are still unknown {Smity C. 1931 I 2625): 

COOH 

COOH 

c5l„ I^J (CH,),.CH=CH.CH,.CH=CH.(CH ,)4 CH, . 

CH3 

Pelandjauic acid (II), C^sHsgOp, m.p. 26®, is found in the exudations from 
the wood of PmUiapidcm Motleyi (Sumatra), and is used in the Dutch Indies 
for skin diseases. Catalytic hydrogenation of the acid with Pt and H 2 gives 
a tetrahydro-compound, C 26 H 4 g 03 , m.p. 94®; the methyl other methyl ester 
of this, C 27 H 43 O 8 , m.p. 46®, takes up a further 6 atoms of hydrogen with Pt 
oxide, and is converted into the decahydro-compound, ^27^62^3* ni'P* bl®* 
After the saturation of the two double bonds the side chain appears on 
oxidation with chromic acid as stearic acid. The ozonolysis products of 
pelandjauic acid, viz. azelaic acid, caproic acid and malonaldehyde (?), show 
the structure of the unsaturated side-chain (formula II). Pelandjauic acid, 
like anacardic acid, can be converted into a phenol Cg 4 H 8 gO, b.p. 210—216®/ 
0*6 mm., and into the corresponding cyclohexanol-derivative Cg 4 H 480 , m.p. 
35®, and the action of ZnClj upon the cyclic alcohol gives a mixture of two 
unsaturated monocyclic hydrocarbons Cj 4 H 48 , formed by dehydration in two 
directions. Ozonolysis of the hydrocarbon opens the ring, yielding a ketonic 
acid C 24 H 430 a, m.p. 60®, and a dicarboxylic acid 024 ^ 4304 ; the phenolic 
hydroxyl is hence adjacent to the alkyl residue {van Romburgh and van 
Veen, C. 1929 II 2784; van Romburgh and Smity C. 1930 II 2907). A methyl 
group must also bo present on the benzene nucleus: Zn dust distillation of 
the phenol C 24 H 88 O does in fact give 1 -methyl-naphthalene (idem, C. 19311 96). 

Next comes a group of phenolic substances, most of which contain a 
lactone ring, and occur in natural resins. They are related in structure to 
eugenol, coniferyl alcohol or ferulic acid, as is shown, for example, in the 
following formulae: 


. CH- /GH,OH 

CH3O/Y ^CH/ 

/CH. /CH.OH 

CB.,o/y I \ch/ 

0 1 

HoL j .CH. 

CH^ \CH,OH 

4 /^®\ch.oh 

A 

A| 

L I0CH3 

1 JoCH, 

OH 

OH 

Coniferyl alcohol 

Olivil 

CHsOf^ Y 

yCOv, 

\ 

i ^ 

\CH 

/CH. 


(I) C,Hj 



Tsugaresinol 
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The natural products contain two aromatic components which are almost 
always derived from guaiacol. These components are combined through a 
chain of 6 C-atoms which is sometimes cyclised to a tetralin-ring, as is shown 
by the oxidative degradation of the dimethyl ether to 2 mol. veratric acid, 
m.p. 179® (compound with open chain) or to 6 -veratroyl-veratric acid, m.p. 
223® (derivative of tetralin). Ready conversion to the stable totralin or naph¬ 
thalene ring system is a common feature of the open-chain compounds. 

The constitution of guaiaretic acid (I), C 20 H 24 O 4 , m.p. 100'6®, [a]D— ^^94®, 
the principal constituent of guaiacum resin, has been determined essentially 
from the products of its thermal decomposition: viz., pyroguaiacin (2:3- 
dimethyl-6-hydroxy-7-methoxy-naphthalene) (II), C 18 H 14 O 2 (methyl ether 
m.p. 160®) and guaiacol (pyrocatechol monomethyl ether) C 7 H 8 O 2 , on the 
one hand, and guaiacol, guaiol (tiglic aldehyde) and creosol (4-hydroxy- 
3-methoxy-toluene) on the other: 



HC CH 3 


0:CH CH* 


OHl 




II 

/ /h\ 
H 2 C ^ CHs 


i'OCH, 



cH.o/vy'’''’ 

CH,oyyl\cH^ 


CH.OfA^C/' 


CH,OU 


H 2 C " CH 3 


!OCH, 




The structure of pyroguaiacin was established by oxidation of its methyl 
ether with CrOg to 2:3-dimethyl-6:7-dimethoxy-l :4-naphthaquinone (III), 
Ci 4 Hi 404 , a yellow substance m.p. 242®, and by the formation on Zn dust 
distillation of guajene (2:3-dimethyl-naphthalene), C 12 H 12 , m.p. 104® (picrate 
m.p. 124®); see Herzig and Schiff, Mo. 19, 96; synthesis: 8chroeter, Lichten- 
atcidt and Irineu, Ber. 61, 1691. It is thus 2:3-dimethyl-6-hydroxy-7- 
methoxy-naphthalene, and its formation is reminiscent of the conversion of 
phenyl-butadiene into naphthalene under the same conditions. The above 
formula for guaiaretic acid receives further support from the following 
fact: when its dimethyl ether, C 22 H 28 O 4 , m.p. 96®, [a]D — 92®, is catalytically 
hydrogenated with Ni in tetralin, or reduced with Na and alcohol, two iso¬ 
meric hydro-compounds (IV) are obtained; one is optically active, m.p. 87®, 
[a]D — 27®, the other is inactive, m.p. 101®; this can only be explained by 
the formation of a new centre of asymmetry. Confirmation of the truth of 
formula (I), which was based on these results, is given by the ring-closure 
of the dimethyl ether of guaiaretic acid on dehydrogenation with iodine 
to the optically inactive naphthalene derivative, dehydro-guaiaretic acid 
dimethyl ether (V), C 22 H 24 O 4 , m.p. 179® (idem, ibid. 1687). 

OlivU^ C 2 PH 24 O 7 , from the olive resin of Oka eurojtaea {Beinitzer, Mo. 46, 
87), occurs in two forms, amorphous m.p. 66—70®, and sphaero-crystalline. 
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m.p. 142*6® (hydrate m. p. 106®; alcoholate m.p. 120®). With dilute acids 
it undergoes ring closure to iso-olivil, m.p. 167® ( VanzM, Mo. 62,163; C. 1934 
II 1313): 


.. /CHv H /CH.OH 

CHaO/Y ^ 


CH 3 O 

HO 


H. /OH 

^\>c<;h/®,oh 


\CH«0H 



I'OCHe. 


The above structure has been deduced from the oxidation of olivil dime¬ 
thyl ether, m.p. 166®, to veratric acid and veratroyl-formic acid, and of iso- 
olivil dimethyl ether, m.p. 184*6®, to veratroyl-veratric acid {Vanzetti and 
Drey fuss f Gazz. 64, 381), and to the lactone, CggHaoO®, m.p. 264® (see formula II, 
under matairesinol) {Vanzeth, C. 1936 XI 60; Dreyfuss, Gazz. 66 , 96). 

Mataireslnol CgoHggO* (I), m.p. 117—118® from acetic acid, 74—76® from 
alcohol, [a]D — 48*6® (acetone), has been isolated from the wood of Podo- 
carpus spicatus Matai {Easterfield and Bee, J. 97, 1028). Its constitution 
has been elucidated by the oxidation of its dimethyl ether, m.p. 128®, with 
Pb tetracetate to two isomeric lactones of the naphthalene series, C 22 H 2 o 03 (II), 
m.p. 264—255® (synthesis: Haworth and Sheldrick, Canad. J. Res. 12 [1936] 
664), and (III), m.p. 215—216® (synthesis: Haworth and Richardson, J., 
1986, 633, Haworth, Richardson and Sheldrick, J. 1986, 1676; 1986, 726). 
The position of the free phenolic hydroxyls is shown by the degradation of 
the diethyl ether to 3-methoxy-4-ethoxy-benzoic acid: 


CH,0, 





esy H^CQ/ 




lOCHa 


( 11 ) 



(III) 

A 


0 CH 3 


lOCHa- 


The glycoside arctiin C 27 H 340 ii • HgO, m.p. 112®, [ajn — 38*8®, from the 
seeds of the burdock, Arctium Lappa, gives on hydrolysis the free resin- 
lactone arctigenin C 21 H 24 O 3 , m.p. 10^, [a]D — 29*69®, which is a mono¬ 
methyl ether of matairesinol (see Haworth and Kelly, J. 1986, 998) (p. 363). 

Tsugaresinol, conidendrin, CjoHjoOe, m.p. 266® (decomp.), [a]D — 64*8® 
(acetone) {diacetate m.p. 221 — 22 ^), forms the chief constituent of the resin 
from the wood of Picea excelsa {Holmherg, C. 1927 II 2301); it is identical 
with the sulphite-liquor lactone discovered by Tollens in 1892 {Lindsey 
and Tollens, Ann. 267, 353), and with the tsuga resin acid from the Japanese 
hemlock {Kauximura, C. 1932 II 60; see Emde and Schartner, Helv. 18, 344). 

Treatment with alkali gives the corresponding tsugic acid, CgoHggO^, m.p. 
208—210® {Holmherg, Ber. 64, 2389; Holmherg and Sjoberg, Ber. 64, 2406). 
The oxidation of the dimethyl ether lactone, m.p. 181® {Erdtman, Ann. 
608, 283) to veratroyl-veratric acid (synthesis: Haworth and Maviny J. 1981, 
1366) shows that the aromatic nuclei are attached through a ring; its dehydro- 
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genation with Pb tetracetate leads to the dehydro-lactone, C 2 |H 2 oO«, m.p. 
216—216*^ (formula III, under matairesinol) {Haworth and Sheldrick, J. 1985, 
636; Erdtman, Ann. 518, 229). These reactions lead to the following formula 
for tsugaresinol (the sulphite-liquor lactone): 

^ .CH2V H .CO. 

CHaO/y \ 

^ \CH/ Bycn/ 

OCH, 

OH 



The two isomeric podophyllins, C 22 H 22 O 8 , podophyllotoxin, m.p. 117®, 
and picropodophyllin, m.p. 228®, obtained from Podophyllum roots, a North 
American and northern Indian species of Berheridaceae, the phenolic 
components of which differ somewhat from the previous members of this 
group (see formulae, p. 493), are dealt with under the Poisons because of 
their phyBiological properties. 

The tannin substances of the fern, the bitter substances of hops, 
the usnic acids and the catechins are derived from phloroglucinol. 


Some of the tannin substances obtained from the extract of the fern 
Filix mas are shown below: 



Filicic acid Filicinic acid 



Albaspidin [OCH3] 

Flavaspidic acid [Aspidin] 



Phloraspin Aspidinol 

(in all formulae B — —CO-CjHy). 
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Flllcic acid, m.p. 186®, is a pale-yellow substance, which shows 

phenolic and ketonic properties. Preliminary experiments in the degra¬ 
dation of the molecule, such as potash fusion, gave pklorogltLcinol and butyric 
acid; permanganate oxidation led to dimethylmalonic acid, butyric acid and 
isophthalic acid. Reduction with Zn and alkali, however, gave a clearer 
insight into the eomplex structure of the molecule; ten hours* treatment 
removed all the butyryl-residues and split up the molecule as shown (see 
formula above): 

-to phloroglucinol C*H 0 O 8 , m.p. 212 ®, l:3:6-trimethylphloroglucinol 

m.p. 184®, and filicinic acid, CgHioOj, m.p. 215®; 

....to methyl-phloroglucinol C^HgO,, m.p. 214®, l:3-dimethyl-phloro- 
glucinol, CgHjoO,, m.p. 163®, and filicinic acid (synthesis: Robertson 
and Sandrocky J. 1988, 1617), 

together with three mol. of butyric acid. Reaction for a shorter time gives 
a much better yield of the homologues of phloroglucinol, two mol. of butyric 
acid and butyro-filicinic acid Ci 8 Hig 04 • HgO, m.p. 67®, anhyd. 97®. The latter 
gives a mono-azo-compound, m.p. 137®, and a pyrazole derivative, and 
longer treatment with Zn and alkali converts it also into filicinic acid and 
butyric acid. Filicinic acid (see formula above) gives a diacetate 
m.p. 86 ®, and a bis-azobenzene-compound, m.p. 209®; its constitution is clear 
from its degradation with bromine and alkali via 1:1-dimethyl-2:4: 6 - 
cyclohexane-trione-3: 6 -tetrabromide, CgHgOgBr 4 , m.p. 139®, to COg and a 
bromo-ketone C 7 Hg 02 Brg, m.p. 150®, which has the structure: 

(CBr3.CO)gC(CH8)g, 

{Bohm, Ann. 807, 260; 818, 230). The action of alcohol upon filicic acid for 
some days produces phloroglucinol-butanone CioHij 04 , and 

Albaspidln^ ^u^ggOg, m.p. 148®, which gives a bis-pyrazole compound 
with hydrazine since the group (HO)C:C*CO occurs twice in its molecule. 
The same reduction process employed for filicic acid yields two mol. of 
filicinic acid, and two mol. of butyric acid, with a little l:l:3-trimethyl- 
phloroglucinol CgHigOg, m.p. 166—172® (see formula, p. 398); in a similar 
way, benzene diazonium chloride yields 2 mol. of a filicinic-mono-azo- 
compound. The formula given above for albaspidin has been proved by 
its synthesis from butyrofilicinic acid and formaldehyde [Bbhm, Ann. 802, 
187; 318, 230). 

Flavaspidic acid, Cg^HggOg, m.p. 166®, a lemon-yellow substance, gives 
by the same fission with Zn and alkali butyrofilicinic acid, 1:3-dimethyl- 
phloroglucinol and butyric acid; under more energetic conditions the pro¬ 
ducts are 1 :3: 6 -trimethyl-phloroglucmol, methyl-phloroglucinol and two mol. 
of butyric acid, corresponding to the formula given above (see p. 398). HI in 
acetic acid in addition to opening the 4-ring, brings about ring closure to 
dihydro-flavaspidic-xantliene Cg 4 Hgg 07 , m.p. 260®; 


FIgC CHg 

\/- .0^ CO.C3H7 

0 /V VSoH 


C 3 H 7 .C 0 I 



OH OH 


^Methyl-phloroglucinol-3-butanone CuHigOg, m.p. 162®, is also formed 
(idem, ibid.). 

Aspidin, CggHgoOg, m.p. 126®, has been shown to be the monomethyl ether 
of flavaspidic acid by an analogous fission to methyl-filicinic acid, 1 -methyl- 
phloroglucinol-2-monomethyl ether CgHigOg, m.p. 119®, and butyric acid, 
and by its conversion into the xanthene derivative, m.p. 260® {Bdhm, Ann.. 
802, 187; 829, 321). 
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Phloraspin, C^HjgOg, m.p. 211°, has been allotted the constitution shown 
on p. 388 because of its fission into l-niethyl-phloroglucinol-3-butanone and 
its 2-methyl ether {Bohm, Ann. 829, 338). 

Aspidinol, C 12 H 10 O 4 , m.p. 161®, is identified as the 2 -monomethyl other of 
1 -methyl-phloroglucinol- 6 -butanone for the following reasons. Energetic 
reduction gives l-methyl-phloroglucinol- 2 -methyl ether and butyric acid. 
Its formaldehyde condensation product, CgsHjgOg, m.p. 191®, gives under the 
same conditions 2 mol. of butyric acid, 1 -methyl-phloroglucinol- 2 -methyl 
ether, m.p. 119®, and 1 :3-dimethyl-phloroglucinol- 2 -methyl ether, m.p. 150® 
{Bohm, Ann. 802, 187; 818, 246; 329, 286; synthesis: Karrer and Widmer, 
Helv. 8 , 392; Robertson and Sandrock, J. 19^, 819). 

The resin of the hop, Humulus lujmlus, yields two bitter acids, humulone 
and lupulone. 

Humulone (I, p. 401), C 21 H 30 O 5 , yellow crystals of m.p. 65®, [ajn — 232®, is 
attacked by permanganate and gives a tetrabromide. Three of its oxygen 
atoms can be shown to be present in hydroxyl groups by the Zerewitinoff 
estimation; they are enolic, giving yellow alkali salts and a red-violet colour¬ 
ation with ferric chloride. Carbonyl reagents have no action on humulone. 
Catalytic reduction yields a yellow compound, known as humulo-hydro- 
quinone (II), C 12 H 24 O 5 , m.p. 126® (tetrabenzoate m.p. 168®), isopentane, 
C 6 Hi 2 » b.p. 27®, being lost from the aromatic nucleus; of the six hydrogen 
atoms taken up, two are necessary for the fission, and the other four combine 
with the hydroquinone molecule and the side-chain that has been split out. 
Humulo-hydroquinone is readily oxidised by atmospheric oxygen to the 
corresponding humulo-quinone (HI), CigHggOg, red needles m.p. 64®; with 
alkali, this undergoes a sort of benzilic acid rearrangement in which the ring 
becomes smaller and COg is lost; the product is dihydrohumulic acid (IV), 
C 15 H 24 O 4 , m.p. 126®. The action of hypobromite on the quinone is similar, 
and also gives a cyclopentane derivative, isohumulic acid (V), C 15 H 22 O 4 , m.p. 
143f, an isomer of humulic acid (VI), m.p. 93®; the latter is produced by the 
action of alkali upon humulone itself, together with isobutyraldehyde and 
acetic acid, the products of hydrolysis of the unsaturated side-chain already 
mentioned. The position of the ten carbon atoms still unaccounted for in 
humulone was shown by the alkali fission of isohumulic acid (V) {Wieland, 
Ber, 68 , 2012), which was known to be a l:3:4-cyclopentane-trione derivative; 
this took place in two directions (see formula), and gave 

-methyl-isobutyl-ketone, isoheptanoic acid and oxalic acid 

.... methyl-isohexyl-ketone, isovaleric acid and oxalic acid. 

Since one of the alkyl residues of humulic acid gives acetone by ozonolysis 
{Wieland and Martz, Ber. 59, 2362), the following formulae are given to 
isohumulic acid (V) and humulic acid (VI): 

H ^ H .CH 3 

CH—CH,—CH,V CO—CHj—CH 

H 3 C/ 2 - ~ L 

H,C^ H H ^CH, 

C—CH—ChA'^ 'i^^CO—CH,—CH 

HaC/ H.^ 2 ^CH, 

OH-/ 

In dihydro-humulic acid (IV), the side-chain is reduced. To sum up, the 
two more important degradations of humulone (I) can be represented as 
follows {Wollmer, Ber. 49, 780; Wieland, Ber. 68 , 102): 
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Lupulone, C 2 eH 3 g 04 , m.p. 92°, is unsaturatcd, like humulone; it adds on 
bromine and immediately decolourises permanganate. It likewise has the 
properties of a keto-enol. Determination of its constitution has been consi¬ 
derably simplified by its conversion into known derivatives of humulone by 
the following reactions. Like humulone, lupulone is catalytically hydro¬ 
genated, eight atoms of hydrogen being taken up; isopentane, CgHu, b.p. 
27°, is split out, with the formation of a phloroglucinol derivative C,iH 8404 
(tribenzoate m.p. 166°), which in the free state is very sensitive to air. Its 
oxidation with oxygen leads to tetrahydrohumulone C 21 H 34 O 6 , m.p. 84°, 
which behaves as a quinol: the phloroglucinol derivative is reformed by re¬ 
duction by Clemmensen’s method. Alkaline fission of tetrahydrohumulone 
gives simfiarly a cyclopentane-derivative, dihydrohumulic acid (see p. 400), 
a side-chain breaking off as isocaproic acid. Hence in the catalytic hydro¬ 
genation of lupulone, one mol. of hydrogen is used for the fission of an isoamyl- 
ene residue, and one mol. is used fo» the saturation of each of the three ole- 
finic side-chains. The reactions of lupulone can be expressed by the following 
formula {Wollmer, Ber. 49, 780; 68 , 672): 


H 

(CH8)8C:CH.CH2- 

0 = 


C50.CH8.CH(CH3)2 

-OH 


(CH 8 ) 2 CH . CH: Ch\jH : CH • CH(CH 3 ) 2 . 
Lupulone 


Usnic acid, C18H13O7, a yellow substance m.p. 204°, [a]D + 49*2° (CHCI3), 
from the lichen Umea harbata and others, is shown to be a derivative of ace to- 
acetic ester by acid hydrolysis to acetone, 008 and usnetic acid, C 14 H 14^6* 
m.p. 210 °, and by its decarboxylation (ketonio hydrolysis) to decarbo-usnio 
acid, CiyHigOj, m.p. 178° {Schopf and Heuck, Ann. 469, 233). 

Further degradation of usnetic acid (I) yielded derivatives of phloro- 
glucinol, the constitutions of which were established by synthesis. The 
action of hot cone, caustic potash removes an acetyl group, to give pyro- 
usnic acid (II), C 18 H 18 O 5 , m.p. 200° (decomp.), which is decarboxylated in high 
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vacuum at 200® to give usneol (III), CuHijOg, m.p. 179® (synthesis: Curd 
and JRoberUon, J. 1933, 714): 



The decarboxylation product of usnetic acid, usnetol (IV), C, 3 Hi 404 , a yellow 
compound m.p. 179® (synthesis: idem, ibid., 1173), can be converted by alkali 
fission and ozonisation, or vice versa, via the intermediates (V) (usneol) and 
(VI), or (VII), into methyl-phloroglucinol (VIII), C 7 H 8 O 3 , m.p. 212® (syn¬ 
thesis: idem, ibid., 437) A tentative formula for usnic acid has been given by 
Schbpf and Heucky Ann. 459, 233. 







Cv 




O, 


-CO-CH, 

OH 


Alkali 

(-2C,H40,) 


H0/\/ \c0.CH3 HO/\OH 

VII (-SC.H.O,) VIIllI 

H3CL } -CO.CH3 H3CI, 


The catechin-tannins, which are widely distributed throughout the 
plant kingdom, are mixtures of various jiroducts of the condensation 
of the catechins (flavanol derivatives) (Frevdenberg and Maitland, 
Ann. 610, 193). 

The constitutions of the fundamental compounds of this group 
have been determined by degradation and fission (cf. ordinary or 
gambia catechin, p. 403), and are* confirmed by their preparation 
from synthetic anthocyanidin pigments (Freudenberg, Fikentscher, 
Harder and Schmidt, Ann. 444, 135; Frevdenberg, Carrara and Cohn, 
Ann. 446, 87; Frevdenberg and Kammuller, Ann. 461, 209; Frevden¬ 
berg and Maitland, Ann. 610, 193). The artificial products, as would be 
expected, show a tendency towards autocondensation, which is greater 
the smaller the number of hydroxyl groups present: 3:5:7:3': 4'- 
pentahydroxy-flavane (ordinary catechin) <3:7:3': 4'-tetrahydroxy- 
flavane (quebracho-catechin) < 7:3': 4'-trihydroxy-flavane. A possible 
principle underlying the condensation of the catechins to tannins 
is given by Frevdenberg and Maitland (Ann. 610, 193). 

It is significant from a biochemical point of view that the catechins 
and the corresponding flavonols occur together in the same plants; 
e.g. quebracho-catechin and fisetin, catechin and quercetin, and 
pistazia-catechin and myricetin (Frevdenberg, Fikentscher, Harder 
and Schmidt, Ann. 444, 136). 

Quebracho-tannin has as its basis quebracho-catechin, C 45 H 14 O 5 (7:3^4'- 
trihydroxy-flavanol-3); the phenolic components of this, resorcinol and pyro- 
catechol, are obtained by fusion with potash. Their mode of combination is 
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shown by the reduction of fisetinidin (synthesised fromcu: 3:4-triacetoxy-aceto- 
phenone and resorcyl-aldehyde withHCl gas) to di-epi-quebracho-catechin, m.p. 
93—96® (acetate m.p. 184—186®), which by rearrangement gives d?-quebracho- 
catechin (acetate m.p. 144—146®) {Freudenherg ami Maitland^ Ann. 510, 193). 


Catechins, : 

d-Catechin^ m.p. 132®, anhyd. 176®, 
[a]D + 16*9® (acetone), in gambia 
catechin from Uncaria Oamhir; 
in the cola nut {Freudenherg and 
Ohler, Ann. 483, 140); in rhubarb 
{Freudenhergt Bohme and Purr- 
mann^ Ber. 66, 1734). 
l-Catechin, m.p. 96®, anhyd. 176®, 
[a]D —16*7® (acetone). 


dl-Catechin, m.p. 166®. 


d-Epi-catechin, m.p. 246®, [a]D + 69® 
(ale.). 

l-Epi-catechin, m.p. 245®, [a]D — 68® 
(ale.), in catechu from Acacia 
catechu {Freudenherg and Purr- 
mann^ Bcr. 66, 1186); in the cola 
nut {Freudenherg and Ohler, Ann. 
483, 140); in Thea sinensis {Freu¬ 
denherg and Purrmann, Ann. 437, 
274); in the cocoa bean {Adam, 
Hardy and Nierenstein, Am. 63, 
727; Freudenherg, Cox and Braun, 
Am. 64, 1913). 

dl-Epi-catechin, m.p. 169®. 


Of the isomeric catechins Ci5Hi408 (6:7:3':4'-tetrahydroxy-flavanol-3), 
the properties of which are shown in the above table, only d-catechin and 
l-epi-catechin occur in nature. 

The first fission of catechin was carried out by potash fusion, and yielded 
phloroglucinol, protocatechuic acid and pyrocatechol {Freudenherg and Voll- 
hrecht, Ann. 429, 284). The type of union of the aromatic nuclei was shown 
by the energetic reduction of catechin totramethyl ether with Na and alcohol, 
followed by methylation; this yielded pentamethoxy-ay-diphenylpropane 
{Freudenherg and Cohn, Bor. 66, 2127), which was identical with the synthetic 
product from the corresponding chalkone. That it isana-phenyl-benzopyrane 
derivative is proved conclusively by its formation from compounds of the 
anthocyanidin and flavonol series {Freudenherg, Fikentscher, Harder and 
Schmidt, Ann. 444, 136; Freudenherg, Carrara and Cohn, Ann. 446, 87; 
Freudenherg and Kammuller, Ann. 461, 209; see also p. 442). A study of the 
cis-trans-isomerism of the catechins gave an explanation for the interesting 
rearrangements and fissions which have been observed. Epi-catechin tetra- 
methyl ether (cis-form) yields with dehydrating agents the tetramethyl ether 
of flavene (2:3-anhydro-catechin which would be expected); the constitution 
of the latter has been established by reduction and methylation to the penta- 
methoxy-ay-diphenylpropane already mentioned {Freudenherg, Fikentscher 
and Wenner, Ann. 442, 309). The dehydration of the trans-form (catechin 
tetramethyl ether, I), however, leads to the isoflavene tetramethyl ether 
(II) (probably with intermediate fission), which has been synthesised from 
acetyl-phloroglucino-aldehyde dimethyl ether and homoveratric aldehyde; 
on reduction and methylation it gives the corresponding pentamethoxy-a/?- 
diphenylpropano {Freudenherg, Carrara and Cohn, Ann. 446, 87). The p- 
toluenesulphonic ester of epi-catechin tetramethyl ether is converted by 
hydrazine into zl^’^-flavene; under these conditions the isomeric ester of the 
methylated trans-form breaks down into phloroglucinol dimethyl ether (III) 
and [3':4'-dimethoxy]-3-phenyl-4;6-pyrazoline (IV) {see Freudenherg, Orthner 
and Fikentscher, Ann. 436, 286; Freudenherg and Fikentscher, Ann. 440, 36; 
Freudenherg, Fikentscher and Wenner, Ann. 442, 309); 
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p-toluene 
Bolphonic ester 



When treated with acids, the catechins are converted, more or less readily, 
into the phlohaphenes which are coloured products of high molecular weight 
{Bergmann and Pqjarlieff, N. 18, 1114). 

Tea-taimin^ C22H18O10, m.p. 263®, [a]5J—177*6® (alcohol) {Tsujimura, 
Sci. Papers Inst. Phys. Chem. Res. Tokyo 26 (1936), 186), has been proved 
to be galloyl-catechin (cf. Freudenherg and Ohler, Ann. 483, 140). Its hepta- 
methyl ether C 29 H 82 O 10 , m.p. 140®, [a]D —136® (acetone), is oxidised by 
permanganate to the trimethyl ether of gallic acid, m.p, 167®, and veratric 
acid, m.p. 176®. The synthetic product prepared from catochin tetramethyl 
ether and the trimethyl ether of galloyl chloride is identical in physical pro¬ 
perties with the heptamethyl ether of the natural product. Demethylation 
of this synthetic product gives a white amorphous substance, which turns red 
in the air like natural tea-tannin {Deuss, Rec. 42 (1923), 496; Tsujimura, 
loo. cit. 14. 63; 16, 166). 

Pistazia-taimin gives * phloroglucinol and pyrogallol when fused with 
potash, which shows that the unit of its structure is 6:7:3':4':6'-penta- 
hydroxy-flavanol-3. The fact that it occurs in nature together with myricetin 
(6:7:3';4':6'-pentahydroxy-flavonol-3) supports this view {Freudenherg, 
Fikentscher, Harder and Schmidt, Ann. 444, 136). 


III. THE ACTIVE PRINCIPLES OF THE PEPPERS 

The pepper-like taste of this class of natural products seems to 
depend on the presence in the molecule of an amide li nkin g between 
an amine and a carboxylic acid which is usually unsaturated. Un- 
decenoic acid, isodecenoic acid (in capsaicin), n-decanoic acid and 
n-nonanoic acid have the strongest effect among the fatty acids 
{Nelson, Am. 41, 2121; Si:4ki, Arch. Pharm. 268 (1930), 151); active 
fatty-aromatic acids are piperonyl-acrylic acid (in fagaramide) and 
piperic acid (in piperine) (cf. also Asano and NakaUmii, J. Pharm. 
Soc. Japan 53 (1933), 36); purely aromatic acids, such as benzoic 
and naphthoic acids, give amides which are almost tasteless {Stau- 
dinger and Schneider, Ber. 66, 699). Reduction of the double bonds 
causes the physiological action to diminish or to vanish {Ott and 
Zirnniermann, Ann. 426, 314; Jones and Pyman, J. 127, 2588; 
Kobayashi, Sci. Papers Inst. Phys. Chem. Res. Tokyo 6 (1927), 166). 
The isobutylamine which is the usual amine constituent in natural 
pepper-substances can be replaced by vanillylamine (cf. capsaicin). 
The irritant effect is eliminated by methylation of the free phenolic 
hydroxyl group of vaniUylamine; and the amides of p-hydroxy- 
benzylamine have more marked physiological properties than those 
of the o-substituted compound (OU and Zimmermann, loc. cit.). 
Anilides and fatty-aromatic amides with long side-chains are in¬ 
active (Sziki, Arch. Pharm. 268 (1930), 151). The piperine of natural 
pepper, which has piperidine as its basic constituent, has a synthetic 
analogue with a pepper-hke taste in the phenyl-pentenoic acid 
amide of piperazine which resembles pipiderine in structure (Ricco- 
manni, Atti R. Accad. Llncei (5) 33 (1924), 1, 145). 
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SpUanthol, CH,. (CH,),• CH: CH • CH;CH • (CH,)* • CO • NH • CKj • CHCCHg),, 
b.p. 166®/! nijn., the pungent principle of the garden cress Spilanthes ack- 
mella, can be hydrogenated to tetrahydro-spilanthol C 14 H 29 ON, m.p. 37®; it 
is hydrolysed by alcoholic HCl to capric acid (aniide m.p. 98®; anilide m.p. 
68 ®) and isobutylamine {Aadhina and Asano, J. pharm. Soc. Japan 1922, 
no. 480, 1; synthesis see below). The constitution of the unsaturated acid 
with two conjugated double bonds (its maleic anhydride adduct has m.p. 
168®) follows from the products of its ozonolysis, which are butjn'ic, formic 
and succinic acids {Asano and Kanematau, Ber. 65, 1602; cf. also idem, 
J. Pharm. Soc. Japan 1927, no. 644, 77). 

The roots of the African Anacyclua pyrethrum yield the stereoisomeric 
pellitorin^ C 14 H 25 ON, m.p. 72®. On hydrolysis it gives isobutylamine (hydro¬ 
chloride m.p. 174®) and a fatty acid, characterised by its amide, m.p. 36®. 
Hydropellitorin (— tetrahydrospilanthol), m.p. 36®, has been synthesized 
from n-capric chloride and isobutylamine (Gulland and Hopton, J. 1980, 6 ; 
Aaano, J. Pharm. Soc. Japan 60 (1930), 89). 

The irritant substance of Anacylua pyrethrum (pellitory of Spain) has been 
identified as n-undecadienic acid isobutylamide {Ott and Behr, Ber. 60, 2284). 

CioH„. CO. NH. CHa • CH(CH 3 ) 2 . 

It is hydrolysed to isobutylamine (hydrochloride m.p. 174®) and undecadienic 
acid CiiHigOj, b.p. 136®/0*6 mm., which has an unbranched carbon-chain, as 
is shown by its hydrogenation to n-undecanoic acid CnHjgO^, m.p. 28®. 

Sanshool, CigHjgON, m.p. 61®, has been isolated from Xanthoxylum 
piperitum. Catalytic hydrogenation yields a tetrahydro-derivative Ci 9 H 330 N, 
m.p. 61® (synthesis: see Asano, C. 1922 I 1227), which is hydrolysed by hot 
HBr into lauric acid, m.p. 61® (p-toluidide m.p. 86 ®) and isobutylamine 
(benzoyl derivative, m.p. 67®) {Aaano and Kanematau, J. Pharm. Soc. Japan 
61 (1931), 34). 

Capsaicin, CigHg^OaN, m.p. 66®, from Spanish pepper (Cayenne pepper) and 
from paprika {Capaicum fruits), is the 3-methoxy-4-hydroxy-benzyl-amide 
of an isodecenoic acid of the constitution (CH 8 ) 2 CH*CH:CH*(CH 2 ) 4 -COOH 
{Nelaon, Am. 41, 1116). Oxidation of the natural product with KMn 04 
gives isobutyrio and adipic acids, formed by the break-down of the acid 
component (Nelaon and Dawaon, Am. 46, 2179). The methyl ether, m.p. 78®, 
when oxidised in the same way, gives a fatty acid (amide m.p. 99®) and 
veratric acid, C 9 H 10 O 4 , m.p. 181®, which contains the carbon skeleton of the 
aromatic amine {Lapworth and Boyle, J. 116, 1109). Hydrolj^is of capsaicin 
with acids yields vanillylaniine, CoHnOjN, m.p. 133®, while alkali treatment 
gives isodecenoic acid, CioHjgOa, b.p. 268-261® (dibromide m.p. 69®; amide 
m.p. 97®); this can be hydrogenated to isocapric acid, CjoHaoOa, m.p. 25®. 
When fused with KOH, isodecenoic acid is broken down to iso-octaiioic 
acid and acetic acid, after migration oi the double bond {Nelaon, Am. 42, 697). 

The complete synthesis of capsaicin has been carried out by the following 
steps {Spdth and Darling, Ber. 63, 737; cf. Nelaon, Am. 41, 2121); 

H 3 C CHj H 3 C CH 3 H 3 C CH 3 H 3 C CH 3 

^ ^ -> Capsaicin. 

1 II I OH 

CH. CH. ^ CH /VqCH, 

COCl CO (ijHOH bjmlde CH + I | 

(in.). (in,). (in,). (ch,). 

ioOR ioOR ioOR ioci H,if 

Another way of carrying out the synthesis is given by the following series 
of reactions (Germ. Pat. 383,639): 
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Hydroxy-benzaldoxime —^ hydroxy-benzylamine -|- fatty acid chloride 
sodium 

-► amide. 

carbonate 

Hydroxy-benzylamidcs of unsaturated fatty acids can also be prepared 
from the corresponding methylol-amide and guaiacol {Einhorn, etc., Ann. 
848, 207; U.S.A. Pat. 1,603,631): 

^CHj 

E-CO-NH, + CH,0-> R CO-NH-CHsOH +/ ^ 

_ 0 CH 3 

-s. R.CO.NH.CH,.<^ ^-OH. 

Fagaramide, Ci 4 Hi, 03 N, m.p. 120® (hydrochloride m.p. 137®; see Ooodson, 
Biochem. J. 16 (1921), 123), prepared from the root oiFagara xanihoxyloide.8, 
has been identified as piperonyl-acrylic isobutylamide {Thoms and Thumen, 
Ber. 44, 3717). 

Piperinc, C 17 H 19 O 3 N, m.p. 128®, discovered by 0rstedt in 1819, is con¬ 
tained to the extent of 6 — 10% in various kinds of Indian pepper {Pipera- 
ceae). Alcoholic potash decomposes it into piperic acid, 

(3: 4)CH202 : CeH 3 • CH: CH • CH: CH • COOH, 
m.p. 217® (the trans-trans-form, see Ott and Eichler^ Ber. 55, 2663; p-nitro- 
benzyl ester m.p. 146®, see Lyons and ifetd, Am. 39, 1727), and piperidine, 
C 5 H 11 N. Piperine can be synthesised by the general methods for the prepa¬ 
ration of amides {Ladenburg and SchoUz^ Ber. 27, 2968; 8choUz, Ber. 28, 
1196), likewise its tetrahydro-derivative, C 17 H 23 O 3 N, b.p. 280®/16 mm. 
{BwschSy Ber. 44, 2942). An artificial pepper-substance, containing the 
piperidide of phenyl-a^-(or j?y-)-pentenoic acid, was prepared commer¬ 
cially in large quantities during the World War {ItosenthaUry Pharm. Zentr. 
67, 164). The micro-detection of piperine can be carried out by means of 
its reactions with CdS 04 -HCl (idem, C. 1926 II 84), p-dimethylaminobenz- 
aldehyde-sulphuric acid {Raymond-Hamety C. 1926 II 1667), and Reinecke’s 
salt {Rosenthalery Arch. Pharm. 265, 319), and by its separation as fcrro- 
and ferricyanide {Gumming and Browny Chem. and Ind. 47, 84) or as 
perchlorate {CordieVy Mo. 48, 635). The slight solubility of the yellow 
molecular compound, 2 piperine + SnBr 4 enables piperine to be separated 
from the isomer which accompanies it; this is 

Chavicine, an oil b.p. 246--260®/0’26 mm. {Rheinboldty Ber. 66 , 1228). 
Hydrolysis of this compound gives piperidine, but does not lead to chavicic 
acid (cis-ois-compound, liquid), the acid component of the pepper-substance, 
which would be expected; as a result of the action of the alkali, isochavicic 
acid, m.p. 202®, the cis-trans-isomer of isopiperic acid, m.p. 146® is obtained 
{Ott and Eichler, Ber. 55, 2653). The acid (methylene-dihydroxy-phenyl- 
pentadienic acid) can exist in four stereoisomeric forms, which have been 
synthesised {LohauSy J. pr. (2) 119, 235; Ann. 613, 219; Lohaus and Oally 
Ann. 517, 278), and their stereoisomerism is shown by their reduction to 
the same tetrahydro-piperic acid, m.p. 96® (see Vol. III). That chavicine 
is the cis-cis-form is in agreement with its more intense peppery taste as 
compared with the trans-trans-form, piperine, a fact which corresponds with 
the general result that of two geometrical isomers the cis-form is physiologi¬ 
cally more active {Ott and LMemanUy Ber. 57, 214). 

IV. NATURAL COLOURING MATTERS 

Natural colouring matters were known and used even in the most 
ancient of civilisations. Fabrics dyed with alizarin and indigo have 
been found in the royal tombs of Egypt, and the art of dyeing with 
Tyrian purple, the colouring matter obtained from certain Medi- 
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terranean shell-fish (Murex brandaria and M. irunculua), was highly 
developed in ancient Egypt. The dyestuflf sajBFron was known by the 
Greeks, and in Roman times the red dye from kermes was used. 
The discovery of America brought to Europe cochineal and hence 
carmine as a colouring matter. It is only in the past century that 
chemical investigation has been able to throw some light upon the 
constitutions of these organic colouring matters which have been 
used for thousands of years. The molecular structure of alizarin 
was elucidated by Graebe and Liebermann in 1868, and later in¬ 
vestigation showed the structures of the other poly-hydroxy- 
anthraquinones, such as those from madder, the Indian chay-root, 
rhubarb and aloe. The second half of the 19th century saw the 
brilliant work oi A. v, Baeyer on indigo, which led to a technical 
s 3 mthesis of this compound (Heumann and Pfleger) at the turn of 
the century. The purple of the ancients was proved to be 6,6'-di- 
bromo-indigo (Friedtander^ 1902), and it was found that the melanin 
from animal and plant tissues was also based on the indole molecule. 
“Indian yellow’* was synthesised by Graebe and Neuberg (1889). 
Towards the end of the century the pigments of coloured woods (morin, 
quercetin, haematoxylin, etc.) were investigated in detail, and ten 
years later the anthocyanins of flowers and fruits were analysed 
and prepared synthetically {Karrer^ Robinaon, and WillaidUer). The 
colouring matters of cochineal (carmine, kermes, laccain) were also 
identified as derivatives of anthraquinone (Dimroth). At about the 
beginning of the 20**^ century the investigation was begun of the 
important biological catalysts, chlorophyll and the red blood pig¬ 
ment, the researches of H. Fiacher, W. Kuater and R. Willatdtter 
have been successful in bringing to light many important facts. 
The respiratory enzyme cytochrome, and the enzymes catalase 
and peroxidase, have also been shown to belong to the porphin 
series. During this same period the structure of carotenoids was 
established (H, v. Euler, P. Karrer, R. Kuhn, R, Willatdtter 
and L. Zechmeiater, etc.) and when it was found that carotene was 
related to the growth-promoting vitamin A, there was a renewed 
biological interest in this group of compounds. The colouring 
matters of fungi were identified by F, Kogl as derivatives of 
terphenyl-quinone, anthraquinone and phenanthraquinone. The 
coloured constituents of most lichens were found to be vulpinic acid 
and usnic acid. Mention must also be made of the bark pigments, 
such as those of the coto-bark, and of kawa and curcuma roots. 
A new class of natural colouring matters was discovered in pyo- 
cyanin and chlororaphin, which are derivatives of phenazine, and 
are obtained from bacteria (F. Wrede, F. Kogl), The yellow wing- 
pigment, xanthopterin, of the brimstone-yeUow butterfly, and the 
colourless leucopterin of the cabbage white, contain several purine 
nuclei (H, Wieland and C, Schopf). The lyochromes or flavines, which 
possess vitamin Bg activity, are based upon the alloxazine ring system. 

(a) POLYENE COLOURING MATTERS (CAROTENOIDS) ^ 

The carotenoids were treated briefly in vol. I, and here only the 
more recent results will be considered. The following table summa- 

^ Literature: General treatment: WiUstdUer and Mieg, Ann. 855, 1; 
Karrer, Z. angew. Chem. 42, 918; 45, 87; Winierstein, ibid. 47, 315; Zech~ 
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rises the natural j^lyenes, their characteristic physical constants 
(m.p., optical rotation and absorption bands) and their occurrence. 

meister, N. 20, 608; Karrer, Carotinoide: Handbuch der Biochemie des 
Menscheu und der Tiere, Band 10: Gustav Fischer, Jena, 1933; Lederer, 
Les Carotdnoides des Plantes, Hermann et Cie., Paris, 1934; Zechmeiater, 
Carotinoide: J. Springer, Berlin, 1934; WiUataedt, Carotinoide, Pilz- und 
Bakterienfarbstofle: Enke, Stuttgart, 1934; Ann. Reports of the Chemical 
Society, I 9889 1985; Carotenes: Zeise, Ann. 62, 380; and Mieg, 

Ann. 855, 1; Zechmeister and v, Cholnoky, Ann. 4^, 64; 455, 70; Ber. 
01, 666 ; Pummerer and Bebmann, Ber. 61, 1100; Zechmeister a,nd v. Cholnoky^ 
Ber, 61, 1634; v. Euler, Karrer and Bydhom, Ber. 62, 2447; Pummerer, 
Bebmann and Beindel, Ber. 64, 492; Kuhn and Lederer, Ber. 64, 1349; Kuhn 
and Brockmann, ibid, 1869; Kuhn and Lederer, Ber. 65, 637; Kuhn and 
Brockmann, ibid. 894; idem, Ber. 66 , 407; 67, 1408; WiUstdtter and Escher, 
Z. physiol. Chem. 64, 47; Escher, ibid. 83, 198; Fischer and Bose, ibid. 88 , 
331; Kuhn and Lederer, ibid. 200, 246; Kuhn and Brockmann, ibid. 256; 
Winterstein and Ehrenberg, ibid. 207, 26; Kuhn and Brockmann, ibid. 213, 1; 
Winterstein, ibid. 215, 61; Brockmann, ibid. 216, 46; Winterstein, ibid. 219, 
249; Karrer, Z. angew. Chem. 42, 923; Kuhn and Lederer, N. 19, 306; Kuhn 
and Brockmann, N. 21, 44; Karrer and Helfenstein, Helv. 12, 1142; Karrer, 
Helfenstein and Wehrli, Helv. 13, 87; Karrer, Helfenstein, Wehrliand Wettstein, 
ibid. 1084; 14, 614; Karrer and Afor/, ibid. 833; 1033; Karrer, Morf, v. Krauss 
andZubrys, Helv. 15, 490; Karrer, S<hopp and Morf, ibid. 1168; v. Euler, Karrer 
and Walker, ibid. 1607; Karrer and Walker, Helv. 16, 641; Karrer, Solmssen 
and Walker, Helv. 17, 417; Karrer, v, Euler and Solmssen, ibid. 1169; Karrer 
and Solmssen, Helv. 18, 26; Kuhn, Swiss Pat. 166,444; Germ. Pat. 667,683. 
Lycopene: Zechmeister and v. Cholnoky, Ber. 63, 422; 787; Zechmeister and 
Tuzson, ibid. 2881; Kuhn and Orundmann, Ber. 65, 898, 1880; WiUstdtter 
and Escher, Z. physiol. Chem. 64, 47; Winterstein and Ehrenberg, ibid. 207, 
27; Karrer and Widmer, Helv. 11, 761; Karrer, Widmer and Helfenstein, 
ibid. 1201; Karrer and Bachmann, Helv. 12, 286; Karrer, Helfenstein and 
Wehrli, Helv. 18, 87; Karrer, Helfenstein, Wehrli and Wettstein, ibid. 1084; 
Karrer and Helfenstein, Helv. 14, 78; Karrer, Helfenstein, Pieper and Wett¬ 
stein, ibid. 436; Aarrer and Afor/, ibid. 846. Bubixanthin: Kuhn and Orund¬ 
mann, Ber. 67, 339, Kryptoxanthln : Kuhn and Orundmann, Ber. 66 , 1746; 
Zechmeister and Tuzson, Ber, 67, 170; Kuhn and Orundmann, Ber. 67, 693; 
Karrer and Schlientz, Helv. 17, 66 , Xanthophyll: WiUstdtter and Mieg, Ann. 
855, 1; Zechmeister and v, Cholnoky, Ann. 481, 42; Zechmeister and Tuzson, 
Ber. 61, 2003; 62, 2226; Zechmeister and v. Cholnoky, Z. physiol. Chem. 189, 
169; Karrer, B. v, Euler and H. v. Euler, C. 1929 I 1690; Oku, Bull. Agric. 
Chem. Soc. Japan 5 (1929), 8 ; Escher, Helv. 11, 762; Karrer, Salomon and 
Wehrli, Helv. 12, 792; Karrer, Helfenstein and Wehrli, Helv. 18, 87, 268; 
Karrer and Ishikawa, ibid. 709; Karrer and Salomon, ibid. 1063; Karrer, 
Helfenstein, Wehrli and Wettstein, ibid. 1084; Karrer and Ishikawa, ibid. 
1099; Karrer and Jirgensons, ibid. 1102; Karrer and co-workers, Helv. 14, 
629; Karrer and Nilsson, ibid. 843. Lutein: Kuhn, Winterstein and Kauf- 
mann, Ber. 68, 1489; Zechmeister and Tuzson, ibid. 2303; WiUstdtter and 
Escher, Z. physiol. Chem. 76, 214; Fischer and Hess, ibid. 187, 133; Kuhn, 
Winterstein and Lederer, ibid. 197, 141, 160; Winterstein and Ehrenberg, 
ibid. 207, 26; Kuhn and Winterstein, N. 18, 764; Karrer and Helfenstein, 
Helv. 18, 86 ; Karrer and Salomon, ibid. 1063; Karrer and Nilsson, Helv. 
14, 843. Zeaxanthin: Zechmeister and v, Cholnoky, Ann. 478, 96; 481, 42; 
Pummerer and Bebmann, Ber. 61, 1099; Pummerer, Bebmann and Beindel, 
Ber. 62, 1411; Zechmeister and Tuzson, ibid. 2226; Kuhn, Winterstein and 
Kaufmann, Ber. 68, 1489; Kuhn and Brockmann, Ber. 66, 833; Kuhn and 
Orundmann, Ber. 67, 696; Kuhn, Winterstein and Kaufmann, N. 18, 418; 
Zechmeister and o. Cholnoky, Z. physiol. Chem. 189, 169; Zechmeister and 
Szilard, ibid. 190, 67; Zechmeister and Tuzson, ibid. 196, 199; Kuhn, Winter- 
stein and Lederer, ibid. 197, 146; Kuhn and Smakula, ibid. 161; Kuhn and 
Brockmann, ibid. 206, 41; Winterstein and Ehrenberg, ibid. 207, 27; Kuhn 
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The separation of a complex mixture of carotenoids, chlorophyll, 
etc., is based upon the differing solubilities of the hydrocarbons, 
esters and oxygenated carotenoids in high-boiling petroleum ether 
and in aqueous methanol. A further fractionation can be achieved 
by the adsorption method of M, Tswett and R, Kuhn (“chromato¬ 
graphic analysis") (Kuhn, Winterstein and Lederer, Z. physiol. 
Chem. 197, 141; Kuhn and Lederer, ibid. 200, 108; Kuhn and Brock- 
nmnn, ibid. 213, 192; Winterstein, ibid. 216, 51; Kuhn and Lederer, 
N. 19, 306; v. Euler and Oard, C. 1932 I 1644; Kuhn and Winterstein, 

and Wiegand, Helv. 12, 499; Karrer, Salomon and Wehrli, ibid. 790; Karrer, 
Wehrli and Helfenstein, Helv. 18, 269; Karrer and Wehrli, ibid. 1104; Karrer 
and Pie'per, Helv. 14, 838; Karrer, Morf, Krausa and Zubrya, Helv. 16, 490; 
V. Euler, Karrer and Zubrya, Helv. 17, 24; Karrer, Solmaaen and Walker, 
ibid. 417. Khodoxanthin: Kuhn and Brockmann, Ber. 66, 828; Kylin, 
Z. physiol. Chem. 157, 148; Kuhn and Brockmann, ibid. 213, 192; Prat, 
Biochem. Z. 162, 496; Karrer and Solmaaen, Helv. 18, 477; Montevarde and 
Lubimenko, C. 1914 I 1093; lA'pmaa, C. r. 182, 867; Ber. dcut. bot. Ges. 
44 (1926), 643; Kylin, Z. physiol. Chem. 168, 229. Flavoxanthin: Kuhn 
and Brockmann, Z. physiol. Chem. 213, 192. Yiolaxanthtn: Zechmeiater 
and Cholnoky, Ann. 481, 42 Kuhn and Winterstein, Ber. 64, 328 Zechmeiater 
and Cholnoky, Z. physiol. Chem. 189, 169; 208, 26; Karrer and Morf, Helv. 

14, 1044; Karrer and Notthafft, Helv. 16, 1196; Karrer and Solmaaen, Helv. 
19, 1024. Taraxanthin: Kuhn and Lederer, Z. physiol. Chem. 200, 108; 
218, 188; Karrer and Salomon, Helv. 18, 1063; Karrer and Morf, Helv. 15, 
863. Fucoxanthin: Willstatter and PcLge, Ann. 404, 237, 263; Ber. 47, 2831; 
Kuhn and Winterstein, Bor. 64, 330; Karrer, Wehrli and Helfenaiein, Helv. 

18, 271; Karrer and co-workers, Helv. 14, 622. Oapsanthin: WillstcUter 
and Mieg, Ann. 855, 1; Willatdtter and Page, Ann. 404, 237; Zechmeiater 
and V. Cholnoky, Ann. 454, 64, 70; 455, 70; 465, 289; 478, 96; 487, 197; 489, 1; 
609, 269; Karrer and co-workers, Helv. 14, 626; Karrer and Hubner, Helv. 

19, 474. Astacene: Karrer, Loewe and Hiihner, Helv. 18, 96; Karrer and 
Hubner, Helv. 19, 479; Karrer and Loewe, Helv. 17, 746; Willstaedt, Svensk 
Kern. Tidskr., 46 (1934), 206; Lederer, C. r. Soc. Biol. 117 (1934), 1086; 
118 (1936), 642. Azafrin: Liebermann, Ber. 44, 860; Liebermann and Schiller, 
Ber. 46, 1973; Liebermann and Muhle, Bor. 48, 1663; Kuhn, Winterstein and 
Roth, Ber. 64, 333; Kuhn and Deutach, Bor. 66, 883; Kuhn, Winterstein and 
Wiegand, Helv. 11, 716. Blxin: Herzig and FaWis, Ann. 481, 40; Heiduschka 
and Panzer, Ber. 50, 649; Herzig and Faltia, ibid. 927; Heidttschka and 
Panzer, ibid. 1626; Kuhn and Winterstein, Ber. 66, 646; Kuhn and Drumm, 
ibid. 1469; Kuhn, Drumm, Hoffer and Moller, ibid. 1786; Kuhn and Winter- 
stein, Ber. 65, 1873; Herzig and FaUis, Mo. 35, 997; Karrer, B. v. Euler and 
H, V, Euler, C. 1929 I 1690; Waldmann and Brandenburger, Z. Krist. 82, 77; 
Kuhn and Winterstein, Helv. 11, 427; Kuhn, Winterstein and Wiegand, ibid. 
716; Kuhn, Winterstein and Karlovitz, Helv. 12, 64; Karrer and co-workers, 
Helv. 12, 743; Kuhn and Ehmann, ibid. 904; Karrer and co-workers, Helv. 

15, 1399; Karrer and Takahashi, Helv. 16, 287; Karrer and Benz, Helv. 

16, 337; van Hasselt, Bee. 80, 1; 38, 192; Rinkes, Rec. 48, 603; 1093, Croce- 
tin: Weiss, J. pr. (2) 101, 66; Kuhn And HOrsa, Ber. 64, 1732; Kuhn, Drumm, 
Hoffer and Moller, Ber. 66, 1786; Kuhn and Winterstein, Bt^r. 66, 209; Schmid 
and Kotter, Mo. 59, 341; Karrer and Salomon, Helv. 10, 397; Kuhn and 
Winterstein, Helv. 11, 126; Ott, ibid. 313; Karrer and Salomon, ibid. 613; 
711; Kuhn, Winterstein and Wiegand, ibid. 716; Karrer and Widmer, ibid. 
761; Kuhn, Winterstein and Karlovitz, Helv. 12, 64; Karrer and Miki, ibid. 
986; Karrer and Helfenstein, Helv. 18, 392; Karrer and Oolde, ibid. 707; 
Karrer and Morf, Helv. 14, 846; Karrer and co-workers, Helv. 15, 1218, 
1399; Karrer, Benz and Stoll, Helv. 16, 297. Yitamln A (constitution); 
Karrer, Morf and Schopp, Helv. 14, 1036; v. Euler and Karrer, ibid. 1040; 
Karrer, Morf and Schopp, ibid. 1431; v. Euler, Karrer, Klussmann and Morf, 
Helv. 16, 602; Karrer, Morf and Schopp, Helv. 16, 667. 
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Ber. 64, 326; Kuhn and Lederer^ ibid. 1349; Koschara, Ber. 67, 761; 
Karrer, Morf and Schopp, Helv. 14, 1036). For a detailed description 
of a separation, see Kuhn and Brockmann, Z. physiol. Chem. 206, 44; 
Winterstein and Stein, ibid. 220, 247; Zechmeister and Tuzson, ibid. 
225, 189; Zechmeister and v. Cholnoky, Ann. 509, 269. 

The quantitative estimation of the pigments is carried out colori- 
metrically by comparison with standard solutions of bichromate, azo¬ 
benzene, etc., (Kuhn and Smakula, Z. physiol. Chem. 197,161; v, Euler, 
Demote, ^arrer and Walker, Helv. 13, 1078; Connell, Biochem. J. 18 
(1924), 1127), and by measurement of the intensity of the absorption 
bands (Kuhn and Brockmann, Z. physiol. Chem. 206, 44). 

Methods for determining the structure: A comparison of the 
physical constants of the n-paraffins with those of branched-chain 
hydrocarbons gave an indication of structural principles of the 
aliphatic terpenes (Kuhn and Ehmann, Helv. 12, 906; Kuhn and 
Grundmann, Ber. 69, 224). The determination of the molecular 
refraction (Karrer, Z. angew. Chem. 42, 918), the consideration of 
the absorption spectrum (v. Euler, Karrer, Klussmann and Morf, 
Helv. 15, 502), and the colorimetric comparison of the synthetic 
diphenylpolyenes, polyene-alcohols and carboxylic acids (flausser, 
Kuhn and Smakula, Z. physikal. Chem. B. 29 (1935), 384; with 
Kreuchen, ibid. 363; with Hoffer, ibid., 371; with Deutsch, ibid. 378) 
with those of the natural products (Kuhn and Winterstein, Helv. 11, 
427; Karrer and Bachmann, Helv. 12, 285; Kuhn and Winterstein, 
ibid. 899; Karrer, Morf and Schopp, Helv. 14, 1036; Kuhn and 
Hoffer, Ber. 63, 2164), confirmed the number and position of the 
double bonds which were found from the results of catalytic hydro¬ 
genation (see below). The presence or absence of optical activity 
was important for the determination of structural formulae, as in 
the case of a- and y^-carotene (Kuhn and Lederer, Ber. 64, 1349). 
The molecular weights could be determined by the application of 
the ebuUioscopic method, by Rast’s method, and by estimation 
of the equivalents of the polyenc-acids (cf. Kuhn and Deutsch, 
Ber. 66, 883); another method is to determine the dimensions of 
the elementary cell in the crystal by X-ray analysis (e.g. with bixin 
and crocetin) (see Kuhn and UOrsa, Ber. 64, 1733; Waldrrvann and 
Brandenberger, Z. Krist. 82, 77). Individual carotenoids can be 
distinguished from one another by typical colour reactions with cone, 
sulphuric acid, arsenic trichloride and antimony trichloride (v. Euler 
bxA Karrer, Helv. 15, 496; Gillam, Biochem. J. 29 (1935), 1831). 

Exhaustive catalytic hydrogenation gives the total number of 
double bonds (see table, pp. 412 and 413; cf. Zechmeister, v, Cholnoky 
and Vrabily, Ber. 61, 566, 1534; Zechmeister and Tuzson, ibid. 
2003; Karrer and Salomon, Helv. 10, 397; 11, 513, 711), and shows 
whether the molecule is an open chain or has a ring structure (cf. 
also the results of oxidation). 

The oxygen atoms in the phylloxanthins are shown by the 
Zerewitinoff estimation and by ester formation to be present as 
alcoholic hydroxyl groups (cf. Karrer, Helfenstein and Wehrli, 
Helv. 13, 87, 268; Karrer and Ishikawa, ibid., 709, 1099; Karrer 
and Jirgensons, ibid. 1102), or else to be in the form of ketonic groups 
(rhodoxanthin: KvJins^nd Brockmann, Ber. 66, 828). Azafrin, bixin 
and crocetin are polyene-carboxylic acids. 
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Polyenes in which the carbonyl groups are conjugated with the 
carbon double bonds give orange-yellow solutions in petrol ether 
and pure red solutions in alcohol. Their dihydro-compounds give 
deeply coloured enolic salts with alkalies, and these have a marked 
tendency to be oxidised to the original carotenoid by the oxygen 
of the air (cf. ^-carotenone, Kuhn and Brockmann, Ber. 66, 894; 
rhodoxanthin, idem, Ber. 66, 828; azafrinone methyl ester, Kuhn 
and Deutsch, ibid. 883; crocetin dimethyl ester and methylbixin, 
Kuhn, Drumm, Hoffer and Mdller, ibid. 1785). 

The carbonyl group present in a ring can be reduced with Al- 
isopropoxide, and in this way two natural xanthophylls, viz. rhodo¬ 
xanthin and zeaxanthin, were converted into one another for the 
first time {Karrer and Solmssen, Helv. 18, 477). Cf. also the con¬ 
version of capsanthin into capsanthol (Karrer and Hvbner, Helv. 19, 
474). 

The so-called wet-combustion method of Kuhn (oxidation with 
CrOg) (Kuhn and UOraa, Z. angew. Chem. 44, 847) shows the number 
of branched methyl groups present; one molecule of acetic acid is 
formed from each methyl group. Their relative positions in the 
molecule of the polyene was indicated by thermal decomposition. 


OH3 

I 

HC/ 

hI. ch— 

^CH 


CH3 

\CH= 

HC^ .CII^ 

\CH. 


H 


8 

COOH 




CH— 




/C,. /Ch 
H, c/ ^h/ 


which yielded toluene, m-xylene (Zechmeister and v, Cholnoky, 
Ann. 478, 95; Kuhn and Winterstein, Ber. 66, 1873; 66, 1733; 
Helv. 11, 430), 2:6-dimethyl-naphthalene (idem, Ber. 66, 429) or 
toluic acid (idem, Ber. 66, 646, 1873); it was conclusively proved 
by the method of successive oxidative degradation and by the 
synthesis of the completely hydrogenated carotenoids and their 
hydrogenated fission products (cf. below). 

Ozonolysis established the open-chain structure for lycopene, 
two molecules of acetone (p-nitrophenylhydrazone m.p. 143*^) being 
formed (see Karrer, Helfenstein, Pieper and Wettstein, Helv. 14, 435); 
/^-carotene, vitamin A, etc., gave geronic acid (semicarbazone m.p. 
163®), which is a proof of the presence of a 6-membered ring (see 
Karrer, Morf and Schopp, Helv. 14, 1039, 1434; Karrer, Morf, Krauss 
and Zvbrys, Helv. 16, 490); bixin yielded methyl-glyoxal (I), 
/9-acetyl-aciylic methyl ester (II) and the methyl ester of the half¬ 
aldehyde of methyl-muconic acid (III) (Rinkes, Reo. 48 (1929), 
1093): 
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Carotenoid 

Formula 

r 

M.p. 

C«]d 

Abs.-Max. (mfi) 

Occurrence 

oi-Garotene 

P-Garotene 


11 

187® 

184® 

+ 380® 

inact. 

611, 478, 442 (CSj) 

497, 466, 430 (CHCl,) 
620, 486, 464 (CSj) 

green leaves (stinging 
nettle, grass, spinach, 
tea), paprika, moun¬ 
tain ash berries, Cur- 
curhita, carrot {Daucus 
carota); corpus luteumy 
ox gallstones, raw sUk, 
mandarins, apricots 

y~Garotene^ 

C 40 H 66 

12 

178® 

inact. 

508, 476, 446 (CHCl,) 
633, 496, 463 (CS,) 

accompanies a- and P- 
carotene; fruit of Gon- 
vallaria majaliSy Oo- 
nocaryum species 

Lycopene 

C„H„ 

13 

176® 

inact. 

617, 480, 463 (CHCI 3 ) 
646, 606, 474 (CSg) 

tomato {Lycopersicum 
esculentum), hips, wa¬ 
ter melon 

Rvhi- 

xanthin 

C 4 «H „0 

12 

160® 

inact. 

633, 495, 462 (CS^) 

hips (Rosa ruhiginosa), 
Calendula off. 

Krypto- 

xardhin 

^40^600 


109® 

inact. 

619. 483, 462 (CS.) 
497, 463, 433 (CHCl,) 

in the red calices and 
berries of species of 
Physalts; Carica Pa¬ 
paya 

Xaniho- 

phyll 

(mixture) 

C 40 H 56 O 2 

11 

174- 

188® 

+ 137® 
to 

+ 192® 

482, 466, 430 (CHClj) 

green leaves, algae; 
raw silk 

Lutein^ 

^40^6002 

11 

193® 

[a]D 

+ 72® 
[a]cd 
-f 176® 

487,6, 466 (CHCI 3 ) 

611, 478, 446 (CSj) 

egg-yolk, yellow feather 
pigment, chief con¬ 
stituent of leafxantho- 
phyll; as dipalmitic 
ester, “holenien”, in 
the flowers of Tropae- 
olum majuSt berries of 
Convallaria niajalis 

Zeaxanthin 

C 40 H 5 .O 2 

11 

216® 

inact. 

496, 461, 429 (CHCI 3 ) 
620, 484, 462 (CS*) 

the seeds of the spindle- 
wood tree; as dipal- 
mitio ester, “physa- 
lien”, in maize (Zea 
mays) and various 
berries (Jerusalem 
cherry, buckthorn, 
etc.) 

Rhodo- 

xanthin 

C 40 H 50 OJ 

12 

219® 

inact. 

646, 510, 482 (CHCL) 
664, 626, 491 (CSj) 

in the chromoplasts of 
Thuja^ Junipems^ 
Equisetum, Reseda, 
berries of the yew 
(Taxua haccata) 

FlavO’ 

xanAin 

CaoKwO, 

11 

184® 

|[a]cd 
+ 190® 

478, 447,6 420 (CS,) 

common buttercup 
(Ranunculus acer) 


Footnotes: see p. 418. 
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Carotenoid 

Formula 

IL 

M.p. 

[«]d 

Abs.-Max. (m/i) 

Occurrence 

Capaan- 

thin^ 

^40^6808 

11 

178® 

— 70® 

491, 466 (CHClj) 

644, 604 (CSj) 

Paprika (Capaicum an- 
nuum) 

Viola- 

xanthin 

CioHmO. 

10 

208® 

[a]C(i 

+ 35® 

482, 461,6 (CHClg) 
600, 469, 441 (CSj) 

Viola tricolor (the 
pansy) 

Tara- 

xanthin 

C40H5A 

11 

186® 

[a]cd 
+ 200 ® 

601, 468, 439 (CSj) 

flowers of dandelion 
(Taraxacum off.), 
coltsfoot (Tuaailago 
farfara) 

Fuco- 

xanthin 

^ 40^5808 

10 

160® 

+ 72,6® 

492, 467 (CHCIj) 
492-476, 467-461 
(CS*) 

brown algae (Fucua) 

Aatacene* 

^40^14804 

10 

<M 

inact. 

1 

360-460 (Alcohol) 
460—600 (Pyridine) 

as dark-brown chromo- 
proteid in the claws 
of the lobster (Aatacua 
gammarua), as red li- 
pochrome in its hypo- 
dermis, and as green 
chromoproteid of the 
ovoester, m.p. 248®; 
in the eggs of the 
crayfish, in goldfish, 
and. in the eggs of the 
sea-spider 

Azafrin 

C 27 H 88 O 4 

7 

214® 

[a]cd 
— 76-6® 

458, 428 (CHCI 3 ) 

Azafranillo roots; Ea- 
cobedia species 

Bixin 

C 26 H 30 O 4 

9 

198® 

inact. 

I 606, 472, 439 (CHCI 3 ) 
618, 488 (CSa) 

Bixa Orellana 

Crocetin I 
(trans- 
Form) 

C20H84O4 

7 

273® 

inact. 

463, 435*6 (CHCI 3 ) 

i 

flower of the mullein 
(VerhoLscum thapaua) 
and mahogony tree; 

Crocetin II 
(cis-Form) 

^2oH2404 

7 

285® 

inact. 

458, 432*5 (CHCI 3 ) 

as digontiobioso ester, 
gentiobiosemethyl 
ester and dimethyl 
ester I, m.p. 222®, II, 
m.p. 141®, in saffron 
(Crocus aativua); in 
the fruit of Gardenia 
grandiflora 

Vitamin A 


5 

7-8® 

inact. 

316, 328, 370 (CHCI 3 ) 

in animal organs and 
products (heart, kid¬ 
ney, liver, butter, eggs, 
etc.); germ, leaves, 
fruit and oils of many 
plants 


^ The monocyclic ^-carotene (absorption maxima 603, 470, 440 in CHClj, 
526, 490, 457 in CSo), with the double bonds in the same positions as in 
a-carotene, is found in the fruits of Oynocaryum pyrifornie (Winteratein, 
Z. physiol. Chem. 219, 249). 

* Canary-xanthophyll (abs. 472, 443, 418), from the feathers of the ca¬ 
nary (Serinua canaria), the oriole, etc., and from the epidermis of the beak 
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OCH—CO CHsOOC—CH=:CH—CO CHjOOC—CH=CH—C=CH—CHO . 

1 I I 

(I) CH, (II) CH, (III) CHj 

The usual oxidising agents degrade those polyenes which contain 
an ionone-ring (e.g. carotene, phyUoxanthin) either to geronic acid (IV), 
or else to dimethylglutaric acid (V), dimethylsuccinic acid (VI), 
or dimethylmalonic acid (VII): 


“•C\(./CH3 

HjC/ \cOOH 


\ /CO.CH3 

\c/ 


(IV) H, 


H.c/ ^COOH 


^\C00H 

(V) 


H 3 C. /CH, 

Hjy' \cOOH 

iooH 

(VI) 


H,C^^ .CH, 
HOOC/ ^COOH 

(VII) 


From the compounds obtained the position of the hydroxyl or 
carbonyl in the hydroaromatic ring can be inferred (see Karrer and 
Helfensteifiy Helv. 12,1142; Karrer^ Helfenstein and Wehrli, Helv. 13, 
268; idem with Wettstein, ibid. 1088; 14, 629; Karrer and Morf, 
ibid. 1044; Karrer, Morf and Walker, Helv. 16, 975; Pummerer, 
Pebmann and Reindel, Ber. 64, 492; Kuhn and Deutsch, Ber. 66, 883). 

The methods which have been mentioned so far involve almost 
complete destruction of the molecule of the pigment; by using 
smaUer amounts of the oxidising agent under milder conditions, 
however, derivatives or degradation products of higher molecular 
weight can be isolated. jS-Carotene gives with perbenzoic acid 
/5-carotene oxide, C4oH5eO (v. Euler, Karrer and Walker, Helv. 16, 
1607), with CrOg, /5-aihydroxy-carotene, C4oHgy02, ra.p. 184® (Kuhn 


of the goose, and picofulvene (abs. 460, 424), the yellow pigment of some 
woodpeckers (Picus), are products of the metabolism of lutein in the bird 
organism (Brockmann and Volker, Z. physiol. Chem. 224, 193). 

8 Chromatographic analysis of the red pigment gives not only lutein, 
zeaxanthin and kryptoxanthin, but also the violet red capsorubin (abs. 
641, 603, 470 in CSg), which is also a carotenoid of the C 4 o-serio 8 (Zechmeister 
and Cholnoky, Ann. 609, 269). 

* There are two other carotenoid-carboxylic acids present as pigments in 
aquatic animals: asteric acid, C 28 H 40 O 4 (abs. 660, 490, 478, 464—460 in dilute 
acetic acid), from various starfish (echinoderms) such as Asterias ruhens 
(v. Euler and Hellstrdm, Z. physiol. Chem. 223, 89), and salmenic acid (abs. 
626, 486) from the salmon (v. Euler, Hellstrdm and Malmherg, C. 1933 II 
1037); two other pigments are glycymerene, m.p. 148—163® (abs. 496 in CSg) 
from Pectunculua glycymeris, and the brown-violet actinio-erythrin (abs. 674, 
633, 495 in CSj) from Actina equina (Fabre and Lederer, Bull. Soc. Chim. 
biol. 16 (1934), 106). 

The pigments of several bacteria and fungi have also been characterised 
as carotenoids: bacteriopurpurin (abs. 686 — 666 , 640—615, 600—486 in CSg), 
see Moliach, Die Purpurbakterien (Jena, 1907); Karrer and Solmasen, Helv. 
18, 1311; 19, 3, 1019; a- and P-bacteriorubin (abs. a-622, 490, 460, jS- 602, 
482, 462, in alcohol) (Schneider, C. 1936 I 3626); the violet pigment of the 
Ba>ct» halobium of fish preserves (Winteratein, Z. angew. Chem. 47, 316); 
torulene (abs. 665, 622, 488 in CS 2 ) from Torula rubra (Lederer, C. r. 197, 
1694; Fink and Zenger, C. 1934 I 3480; II 1218; Lederer, C. r. Soc. Biol. 117 
(1934) 1083); coralene (abs. 609—486, 466—466 in ether) from Streptothrix 
coraUinua, and aarcinene (abs. 469, 444, 416* in petrol) from Sarcina lutea. 
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and Brockmann, Ber. 67, 1408; Ann. 516, 95), neo-)5-oxycarotene, 
m.p. 143®, (Karrer and Solmssen, Helv. 18, 25), and the 

tetraketone,p-carotenone (I),C 4 oH 5804 , m.p. 175® {dioxime m.p. 198®) 
(Kuhn and Brockmann^ Ber. 66 , 894; Z. physiol. Chem. 213, 1 ): 


H,C^ \C0—CH=CH—C=CH—CH=CH—C=:CH—CH= 1 


IhA 


\c/ 


CO—CH 3 


I 

CH3 

(I) 


CH 3 


One ring only of /5-carotene can be opened by oxidation, giving 
semi-/5-carotenone, m.p. 119® (monoxime m.p. 135®), if the oxidation 
is carried out under carefully regulated experimental conditions 
(Kuhn and Brockmann, Ber. 66 , 1319); cf. the analogous oxidation 
product of a-carotene (Karrer, Solmssen and Walker, Helv. 17, 417; 
Karrer, v, Euler and Solmssen, ibid. 1169), and the opening of one 
ring of zeaxanthin (Karrer, Solmssen and Walker, loc. cit.). 

Oxidation by the same method opens the ring of the dihydroxy- 
monocarboxylic acid, azafrin, to the corresponding diketonic acid, 
azafrinone (II), C. 27 H 3 g 04 , m.p. 191® (Kuhn and Deutsch, Ber. 66 , 883): 

H3C. CH3 

>C< HH HHH HHHH HH 
HaC/ \C—C==C—C=(>-C=a-C==(>~C==C—C===C—C===C—COOH . 

I b I I I 

^ CH 3 CH 3 .CHg 

H,C C:0 * 

(It) 


These oxidation products are 1 : 6 -diketones, and hence can be 
converted into cyclopentene derivatives, e.g. azafrinone-amide gives 
dehydro-azafrinone-amide, C 27 H 35 O 2 N, m.p. 210 ®: 


H 3 C, 

H 3 C/ 

HaC 



HH HHH HHHH HH 

-C=C—C==(>-C=C—C==C—C===C—C==C—C==C—CONHa . 

I I I 

O-CH 3 CH 3 CH 3 


Further treatment with CrOg splits out the carbon atoms of the 
hydroaromatic ring as geronic acid, leaving polyene mono- or di- 
carboxylic acids (cf. /5-carotenone, azafrinone, etc., see Kuhn and 
Brockmann, Ber. 67, 885). 

Lycopene can be converted into lycopenal (III), C 32 H 42 O, m.p. 
147® (oxime m.p. 198®), and hence into bixin-dialdehyde (IV), 
C 24 H 28 O 2 , m.p. 220 ®, by the loss of methyl-heptenone (p-nitrophenyl- 
hydrazone m.p. 101®) (Kuhn and Orundmann, Ber. 66 , 898; Kt^n 
and Both, ibid. 1285; Kuhn and Orundmann, ibid. 1880): 


HaCv /CH3 
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HHH HHH HHHH HHH HHH 
0:0-C==(>--C===a--C=(^-C===(>-C=C^-C=(^C==a~C=^ : 0. 

ijH, [jH, (IV) Lh, !cH, 

The oca'-dihydroxy-derivative of the saturated dicarboxylio acid 
corresponding to (IV), which is perhydro-norbixin, € 2411 ^ 04 , was 
allowed to react with a Grignard reagent, and the resulting glycol 
was degraded by the method of Criegee to 3:7:12:16-tetramethyl- 
botadecane-1:18-dialdehyde (V), C 22 H 42 O 2 , b.p. 185®/0-3 mm. (Karrer 
and co-workers, Helv. 16, 1399): 

O C* 0 

(in, (Ijh, ([jH, in. 


Repetition of the process with the acid formed by mild oxidation 
of the dialdehyde (V), viz., 3:7:12:16-tetramethyl-octadecane- 
1:18-dicarboxylio acid, led to 2:6:ll:15-tetramethyl-hexadecane- 
1:16-dialdehyde (VI), C 20 H 33 O 2 (Ravdnitz and Peachel, Ber. 66 , 901): 

djH, djH, (VI) in. (3H, 


Oxidation of this compound gave the corresponding dicarboxylic 
acid, perhydro-crocetin, C 20 H 38 O 4 . 

The oxidation of bixin with manganic acetate in acetic acid or 
acetic anhydride ia noteworthy, because the molecule is attacked 
in the middle of the chain; the products are the acetates of hydroxy- 
compounds, 

C 26 H 3 o 04 (OH) 2 ( 0 -CO*CH 3)2 and C 25 H 3 o 04 (OH)( 0 *CO-CH 3 ) 3 . 
After hydrogenation, they can be oxidised with Pb tetracetate to 
a pleasant smelling ester-aldehyde, C 13 H 24 O 3 , which is sensitive to 
air (Viehock, Ber. 67, 377). 

The syntheses of the perhydro-compounds of several carotenoids 
has provided an additional proof of the correctness of the structure 
which had been allotted to these compounds from the results of the 
oxidation method. The perhydro-lycopene, C 40 H 82 , b.p. 240—242®/ 
0*3 mm., prepared from dihydro-phytyl bromide by Wurtz' reaction 
(Karrer, Helfenstein and Widmer, Helv. 11, 1201; Karrer, Helfen- 
stein, Pieper and Wettstein, Helv. 14, 435): 





Hg H H, H, H 

^ ^ ^ ^ ^ a—O-C—C.Br 


in i] 


\/ \ 

CH, CH 3 


H. 


3H, 


Perhydro-lycopene 


was found to be identical with the hydrogenation product of natural 
lycopene. 

The complete synthesis of perhydro-norbixin, C^H 40 O 4 (dimethyl 
ester b.p. 207®y0*3 mm.; diamide m.p. 110*5®), has been carried out 
in the foliowmg stages (Karrer and co-workers, Helv. 16, 1218, 
1399): 
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2 mol. Methyl-malonic ester 

aa'-Dimethyl-pimelic acid 
J, via Glycol 

Br. CHa—CH—CHa—CHj—CHg—CH—CHa • Br 

in, I ill, 

I Malonic ester synthesis 

ROOC—CHa—CHg—CH—CHa—CHa—CHa—CH—CHa—CHa—COOR 

1)H, 1 in. 

Electrolysis of | ester-salt 

/ROOC—CHa—CHa—CH—CHa—CHa—CHa—CH—CHa—CHa\ 

\ (iiH,. CH, /,' 

The synthesis of perhydro-crocetin, C 2 oH 3 g 04 (diamide m.p. 131®), 
has been carried out by the same method (Karrer^ Benz and Stoll, 
Helv. 16, 297). 

The partial synthesis of perhydro-norbixin from perhydro-crocetin 
is described by Karrer and Benz, Helv. 16, 337. 

Phytol can be converted, via its dihydro-compound, into crocetane 
(Willstdtter and Mayer, Ber. 41, 1475, Fischer, Ann. 464, 69; cf. 
Karrer and Golde, Helv. 13, 707). 

The synthesis of the carbon skeleton of perhydro-vitamin A, 
C 20 H 40 O, b.p. 148~150®/0*15 mm., has been achieved from ^-ionone, 
by a series of condensations with bromacetic ester, sodio-malonic 
ester, CHoMgl and bromacetic ester (Karrer, Salomon, Morf and 
Walker, Helv. 15, 878; Karrer, Morf and Schojyp, Helv. 16, 557). 

For attempts to synthesise polyene-like compounds, see Kuhn 
and Hoffer, Ber. 63, 2164; 65, 651; Fischer and Hultzsch, Ber. 68 , 
1726; Kuhn, Badstiibner and Grundmann, Ber. 69, 98; Kuhn and 
Winterstein, Helv. 11, 87; 12, 493; Karrer and Stoll, Helv. 14, 1189; 
Fischer and Lowenberg, Ann. 494, 269; Postowski and Lugowkin, 
C. 1933 I 1437; Gould and Thompson, Am. 57, 340; Heilbron, Jones, 
Lowe and Wright, J. 1936, 561; Salkind, Soniss and Blochin, Compt. 
rend. Acad. Sci. U.R.S.S. 1935 II 57. 

On the basis of the results obtained by the methods which have 
been described, the structural formulae of the polyene colouring 
matters may be regarded as established; they are collected together 
in the following table. 

For preliminary formulae for kryptoxanthin, see Kuhn and 
Grundmann, Ber. 66 , 1746; for rubixanthin, see idem, Ber. 67, 339; 
for xanthophyll (lutein), see Nilsson and Karrer, Helv. 14, 843; 
Karrer, Zvbrys and Morf, Helv. 16, 977; for capsanthin, see Karrer 
and co-workers, Helv. 14, 625. 

The biochemistry of the carotenoids. For the possibility of phyto¬ 
synthesis from acetaldehyde, see Herzig and Faltis, Mo. 35, 997; 
the relationship of the carotenoids to isoprene, see Willstdtter and 
Mieg, Ann. 355, 19; Willstdtter, Mayer and Huni, Ann. 378, 73; 
for the possibility that the polyenes are formed from laevulinic acid, 
see Enfide, Helv. 14, 888 , and from / 9 -methyl-crotonaldehyde see 
V. Euler and Klussmann, C. 1932 II 2201 . A biogenetic connection 
between phytol, or a protophytol, and lycopene and the carotenes 

Eichter-AnscbAtz U. 27 
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is discussed by Karrer and co-workers, Helv. 13, 1084; Karrer and 
HdfensteiUy Helv. 14, 78; Kuhn and Orundmann, Ber. 66 , 1886. 

The fact that zeaxanthin and rhodoxanthin occur together in 
nature gives considerable support to the supposed genetic connection 
between the dihydric polyene alcohol zeaxanthin and the corres¬ 
ponding diketone, dihydro-rhodoxanthin (Kuhn and Brochnuinn, 
Ber. 66 , 828). 

The products obtained from carotenes by mild oxidation, which 
have been described above and which are so important for determ¬ 
ining the constitution, throw some light on the occurrence in nature 
of carotenoids containing less than 40 carbon atoms such as astacene, 
azafrin, asterin- and salmin-carboxylic acids, vitamin A, bixin and 
crocetin (Kuhn and Wintersteiny Ber. 66 , 646; Kuhn and Brock- 
manny ibid. 894; Kuhn and Orundmanny ibid. 1880; Kuhn and Deutsch, 
Ber. 66 , 883; Kuhn and Wintersteiny N. 21, 527; Zechmeister and 
V. Cholnoky, Ann. 609, 269; Kuhn, Lederer and Deutschy Z. physiol. 
Chem. 220 , 229). This view of the origin of many of the lipochromes 
with shorter chains is further supported by the fact that in some 
cases the other residues split off from the C 4 o-chain can be found 
in the same plant; e.g. in the formation of crocetin, C 20 H 24 O 4 , 
from carotene, C 4 oH 5 g, two Cjo-residues are to be expected; these are 
met with in the form of an aldehyde, safranal {p. 354), 

(CH,). 

CHO 

.c—CH, 

CH 


which in combination with glucose can be isolated from the plant 
(Crocus sativus) as picrocrocin (see p. 354) (Winterstein and Teleczkyy 
Z. physiol. Chem. 120, 141; Helv. 6 , 376; Kuhn and Wintersteiny 
Ber. 67, 344). How various carotenoids may be derived from the 
chain of 40 carbon atoms is shown in the following formula. 



C-C-fC-C -C- C C-C-C-C 


C. C 


C_C-C-C-C-C -C-C Ic "c^ C 

Jl A I -J i 

/C 








-Formation of vitamin A. [ ] Bixin formation 

— • — Crocetin formation Aaafrin formation 


In ripening maize, the disappearance of the free xanthophyll runs 
parallel with the formation of physalien (Karrer, Helfensteiny Wehrli 
and Wettstein, Helv. 13, 1084; Kuhn and Brockmanny Z. physiol. 
Chem. 206, 55); in the same way, in the yellowing of the leaves, a 
very marked esterification of the xanthophyll, lutein and violaxan- 
thin goes hand in hand with the deepening of the colour of the 
leaves (idem, ibid., 66 ;'v. Euler, DemoUy Weinhagen and Karrer, 
Helv. 14, 831). 
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Great physiological importance attaches to the growth-promot¬ 
ing activity of carotene (v. Euler, Karrer and Rydb(m, Ber. 62, 2445; 
Kuhn and Brockmann, Ber. 64, 1869; 66, 407; Winterstein, Z. physiol. 
Chem. 216, 51; Kuhn and Brockmann, N. 21, 44; B. v. Euler, H. 
V. Euler and Karrer, Helv. 12, 278; y. Euler, Karrer, Hellstrdm and 
JRydbom, Helv. 14, 839), and some of its derivatives, such as dihydro¬ 
carotene (idem, ibid.; Kuhn and Brockmann, Z. physiol. Chem. 
213, 1), diiodo-carotene (Karrer, Z. angew. Chem. 42, 923), mono- 
hydroxy-y-carotene (rubixanthin), ^-carotene oxide (v. Euler, 
Karrer and Walker, Helv. 16, 1507), semi-jS-carotenone (Kuhn and 
Brockmann, Ber. 66, 1319) and )5-hydroxy-carotene (idem, Z. physiol. 
Chem. 213, 1; Ber. 66, 894). This is due to the intermediate formation 
of vitamin A in the organism, usually in the liver (see Moore, 
Biochem. J. 23 (1929), 802; 24 (1930), 692; Kuhn and Brockmann, 
Z. physiol. Chem. 213, 1; Kuhn and Lederer, N. 19, 306; Kuhn and 
Brockmann, Ber, 64, 1859), and therefore indicates the presence of 
at least one intact p-ionone ring in the molecule of these colouring 
matters. It is significant that the symmetrical )5-carotene is twice as 
active as the a-compound, since fission of the molecule in the middle 
can yield two molecules of vitamin A (Kuhn and Brockmann, Z. 
physiol. Chem. 213, 1; 221, 129; Klin. Woch. 12, 972). On the other 
hand, those carotenoids which have no ionone ring (lycopene, bixin, 
crocetin), or those in which the ionone ring has been opened by 
oxidation (e.g. the tetraketone, ^^-carotenone, p. 415), do not behave 
as a provitamin A. Hydrogenated provitamin A, or carotenes sub¬ 
stituted on the ionone ring (e.g. zeaxanthin, rhodoxanthin, asta- 
cene, azafrin), are physiologically inactive. In agreement with 
this, the elimination of the hydroxyl group from zeaxanthin yields 
a carotenoid with vitamin A properties (v. Euler, Karrer and Z^rya, 
Helv. 17, 24). This biological break-down of the carotenoids is 
reminiscent of the symmetrical fission of bixin which can be car¬ 
ried out in the laboratory with manganic acetate and lead tetr- 
acetate (p. 416). 

For the incompatibility of carotene (vitamin A) and thyroxin, 
see V. Euler and Kluasmann, Z. physiol. Chem. 213, 21; Abelin, ibid. 
217, 109). 

While in the mammalian organism it is predominantly the carotenes 
(provitamins A) that are absorbed (Zechmeiater and Tuzaon, Z. physiol. 
Chem. 226, 189), it seems that in birds only the xanthophylls 
with two OH-groups, such as lutein, zeaxanthin and capsanthin, etc., 
can be retained in the fat, liver and egg-yolk (Palmer, J. Biol. Chem. 
23, 261; 39, 2^^ \ Zechmeiater and v, Cholnoky, Ann. 464, 54). To some 
extent, however, a change may take place in these carotenoids; e.g. 
the xanthophyU of canaries, as is shown by systematic feeding ex¬ 
periments, owes its origin chiefly to a transformation in the bird's 
organism of the lutein taken in the food (Brockmann and Volker, 
Z. physiol. Chem. 224, 193). 

Among the transformations of carotenoids which take place in 
the animal organism, mention should be made of the hydrolysis of 
physalien to zeaxanthin in the digestive tract of rats and chickens; 
another interesting example is the decrease of the ratio of carotene 
to xanthophyU in the human placenta during the progress of pregnancy 
(Kuhn and Brockmann, ibid. 206, 64). 
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Experiments on the oxidation of lipoids (unsaturated fatty acids) 
show that carotenoids belong to the group of compounds which act 
as catalysts in this oxidation {Franke, Ann. 498, 131; AMstrom and 
V. Euler, Z. physiol. Chem. 200, 233; 204, 168; Franke, ibid. 212, 234; 
cf. also B. V. Euler, H. v. Euler and Hellstrdm, Biochem. Z. 203, 370; 
Fodor and Frankenthal, ibid. 246, 414). 


(b) QUINONE COLOURING MATTERS 
p-Benzoquinones are met with in nature in various forms. When 
reduced with Zn dust and acetic anhydride, they give the corres¬ 
ponding hydroquinone acetate, and treatment of dihydroxy-qui- 
nones with Na amalgam gives dihydroresorcinols. The constitution 
of dialkyl-dihydroxy-quinones follows from their ozonolysis products 
(Fichter, Jetzer and Leepin, Ann. 396, 8): 


HO O 


HOOC—COOH 

-> R.COOH HOOCR. 

HOOC—COOH 


A general method for the synthesis of dialkyl-dihydroxy-quinones 
consists in condensing oxalic ester wdth the esters of fatty acids in 
the presence of metallic Na {Fichter, Ann. 361, 370; Fichter, Jetzer 
and Leepin, Ann. 396, 1). 


2:6-Dlmethoxy-qiiinone5 CgHgO^, golden yellow prisms of m.p. 251®, 
is found in Herba Adonis vemalis (Karrer, Helv. 18, 1424). The compound 
can be synthesised by the energetic oxidation of p 3 rrogallol trimethyl other, 
which is the evidence for this formula {Oraebe and Hess, Ann. 340, 237). 

Methoxy-dihydroxy-toluquinone, CgHgOg, almost black leaflets of m.p. 
203® (diacetate, yellow, m.p. 139*6®), is formed biochemically from glucose by 
various species of Penicillium {Birkinshaw and Raistrick, Phil. Trans. 1931, 
B 220, 1). 

Thymoquinono, CioHuOj, yellow plates of m.p. 48®, is present in the 
essential oil of Monarda fistulosa and Thiija articulata. 

Porezone, pipiizahoic acid, C^gHgoOg, m.p. 104®, [ajp —17*0® (ether), 
is obtained from American pipitzahoac roots from species of Perezia {Radix 
Pereziae) and from Acourtia formosa {Mylius, Ber. 18, 480; Fichter, Jetzer and 
Leepin, Ann. 395, 16). According to the results of Kogl, the pigment is methyl- 
octenyl-hydroxy-bcnzoquinone (Kogl and Boer, Rec. 64, 779; see p. 327): 



Embelin, CjgHjgOg, golden plates, m.p. 143® {dihenzoate m.p. 98®), is the 
coloured principle of the fruit of Rihes embelia. Oxidation of this dihydroxy- 
quinone gives lauric acid, m.p. 42®, and hydrolysis with boiling NaOH yields 
a-keto-myristic acid, CigHjgOg m.p. 63*8®, which can be degraded further 
with HNOg to tridecanoic acid, m.p. 43®. The synthesis of embelin from 
hydroquinone and lauric acid has been achieved in the following stages 
{Hasan and Stedman, J. 1931, 2112; Kaul, Rdy and DuU, J. Indian Chem. 
Soc. 8 (1931), 231; Nargund and Bhide, ibid. 237): 
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ZnCl, 





Zn + HCI 


OH O 



o 

_^ ch,hn/_ 

2CH,NHr Ij^^'NHCHa sov.H.s^ 

o 



Certain of the natural colouring matters derived from phloroglucinol are 
closely related to this class of compounds; examples are the fUix tanning 
(p. 399), the bitter substance of hops, hiimulone (p. 400), and usnic acid 
of lichens (p. 401), which have been dealt with already in the section on 
Condensed Tannins. 

The fungus Penicillium citrinum can synthesise from glucose under certain 
conditions the pigment citrlnln (I), CuH^Oj, m.p. 166-170®, a yellow iso- 
coumarone derivative {Hetherington and Raistrick, Phil. Trans. 1931, B 220,1): 


H 5 C, 

0 : 


COOH 



HOI 


OH 


^5^^CHOH 

*CH3 


+ CO 3 

+ HCOOH . 


Its constitution has been established by investigation of the hydrolysis 
which is shown above. The degradation of the phenolic component (IT) is 
given in the following scheme: 


OH OH OCH3 OCH3 

gOH Dimethyl ether HOOc/\ 

HoL l-CHOH ®o\/l 

CT,CH, CH, COOH CH, 

Certain members of the terphenyl-quinone series which occur 
particularly in fungi will be considered next. That they belong to 
this group is shown by the fact that they give terphenyl when distilled 
with Zn dust. The dihydroxy-quinones undergo a characteristic 
fission with alkali, in which the geometrical isomers of a-benzyl- 
cinnamic acid are formed by a complicated reaction which seems 
to involve, first, the opening of the quinone ring, then a benzilic 
acid rearrangement, and finally oxidation and loss of COg: 




or the lactone of this 


/CO\ 

CO 

HH COOH 
'^0'^ 




/COOH 
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Their oxidation under certain conditions to derivatives of vulpinic 
acid (see p. 438), a yellow colouring matter occurring in lichens, 
is of ^eat biochemical interest (Kogl and Becker, Ann. 466, 211). 

Diphenyl-dihydroxy-quinones can be prepared synthetically by 
the method of Fichter and Kogl from phenylacetic ester and oxalic 
ester, and by Pummerer*s method, the condensation of quinone with 
2 mol. of benzene in the presence of AICI 3 followed by introduction 
of the hydroxyl groups with alcohol and ZnC^ (Kogl, Ann. 466, 243; 
Pummerer and Prell, Ber. 66 , 3105). Cf. also the partial synthesis 
of Adams (Shildneck and Adams, Am. 63, 2373), from p-diaryl-hydro- 
quinones via the p-dibromo-compound to dibromo-diaryl-quinones, 
which are then hydrolysed to dihydroxy-diaryl-quinones. 

Polyporic acid, C 18 H 12 O 4 , is of a brownish yellow colour, and is found in 
Polyporua nidulans, a fungus on oak-trees. Zinc dust distillation of the 
dihydroxy-quinone gives terphenyl, CgHg • • C^Hg, m.p. 207®. Since 

oxidation with CrOg gives nothing but benzoic acid, both phenolic hydroxyls 
must be attached to the quinone nucleus. Alkali fission, according to the 
above scheme, gives the two isomeric benzyl-cinnamic acids, m.ps. 100 ® and 
168®. The synthesis of polyporic acid from phenylacetic ester and oxalic ester 
has been carried out in the following stages (Kogl, Ann. 447, 78): 

- S-CHs—C==C—CHj-/ S 

N» \=./ ONa ONa 


atmosph. 

- 

oxid. 


■o 




CO—CO. 




ROOC—COOR 

OH O 

JO- Cv 




O OH 


For its preparation from diphenyl-hydroquinone, see Shildneck and Adams, 
Am. 68 , 2373. 

Atromentin, CigH^jOet the brown colouring matter of the toadstool 
PaxiUua airaUmienUmLa, has been shown by degradation to be p:p'-dihy¬ 
droxy-polyporic acid (Kogl, Ann. 440, 19; Kogl and Postowaky, Ann. 446, 
169). Oxidation with HjOg leads to the lactone of atromentic acid, 

O-CO 


H0*C8H4*C=C —C=C« 0*114 -OH, m.p. 346®, which is an analogue of the 
CO—o 

lactone of vulpinic acid. The constitution of atromentic acid has been con¬ 
firmed by the following synthesis of its permethylation product; 

ON ON 

CH,0< ^^ ^ -CH, CH,-/ SOCH, 

""^ROOC—COOR ^ 


>2 BOH 


hydrolysis 
+methyl D. 


ON 

CH»O^C CH-CO—CO—CH • SoCH, 

CN 

CH,0 COOCH, 

CH,0^^^ ■ C=C—C=C • <^~^OCH, 

T CO—6 
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Atromentin itself has been obtained by the method of Fichter and Kogl 
{Kogl, Ann. 466, 243), and also by Pummerer from quinone and two mol. 
of phenol: 


HOO'I J OCH3 


HO<f 


o 


o 


boiling with 
alkali 


o 








Muscarufin^ C25Hi309, m.p. 276*5° (acetate m.p. 197°, orange-yellow), is 
the red pigment of the fly-agaric, Amanita muscaria; it has the constitution 


COOH 



1CH:CH.CH:CH.C00H 


HOOC 


That it is a terphenyl-quinono was determined, as usual, by Zn dust distil¬ 
lation. Catalytic hydrogenation leads to hexahydro-muscarufin, m.p. 200° 
(triacetate m.p. 192°), which shows the presence of two aliphatic double 
bonds; these are conjugated, since the compound gives a maleic acid adduct, 
m.p. 286®. Titration proves the presence of 3 carboxyl groups and their 
positions are given by the oxidation of hydro-muscarufin with HgOj, which 
yields approximately two molecules of o-phthalic acid, m.p. 203°, and adipic 
acid, m.p. 161° {Kogl and Erxlehen^ Ann. 479, 11). 

The last member of the benzoquinone series to be considered is a derivative 
of keto-cyclopentadienol; this is dryophanthin, C„H ggOig, dark-red needles 
of m.p. 220°, which occurs in the red-pea galls of various oaks ( Dryophantha, 
Quercus), It is decomposed by heating with dilute sulphu/ic acid into pur- 
purogallin, CnHgOg, a dark-red substance of m.p. 276°, and 2 mol. of glucose 
{Nierenatein, J. 116, 1328). 

Purpurogallin is probably formed in plants from pyrogallol by the following 
series of enzymatic reactions {Willstatter and Heiaa, Ann. 4^, 17; Haber 
and Willstatter, Ber. 64, 2844); 


HO 


HO 


O O 


HO 


HO OH 



HO H 

HO X / OH 
*■ — 



Purpurogallin. 
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For the use of this reaction for the determination of peroxidase, see WiUstaUer 
and 8toU, Ann. 416, 21. The colouring matter also probably occurs as an 
intermediate in the formation of humic acid from natural pyrogallol deri¬ 
vatives. 

The constitution of purpurogallin is based further upon the existence of a 
colourless tetracetate, m.p. ISO®, tetracetate-phenylhydrazone, m.p. 268®, 
trimethyl ether, m.p. 177®, and tetramethyl ether, m.p. 94® {Nierenstein and 
Spiers, Ber. 46, 3161). The action of hot alkali brings about a second benzilic 
acid rearrangement to give purpurogallone, CnHgOs, m.p. 273®, a tri- 
hydroxy-naphthalene-carboxylic acid {Perkin, J. 101, 803): 



Similarly, Zn dust distillation yields naphthalene, m.p. 80®, as a result of 
pyrogenic ring-closure {Perkin, Proc. 21, 211). 


Naphthaquinone colouring matters arc also found in nature. 

Juglone, CioHgOa, a yellow-brown substance, m.p. 166®, has been shown by 
degradation and synthesis to be 6-hydroxy-l: 4-naphthaquinone (vol. III). 
It occurs as a leuco-compound in unripe walnut shells {Juglans regia), and 
was used in the JMiddle Ages as a brown dyestuff. 

Lawsone^ CioH^Oa, m.p. 190® (monoacetate m.p. 129®; dioxime m.p. 200®). 
the lemon-yellow pigment of the Indian shrub Lawsonia alba (“Mehidi”), 
has been shown to be 2-hydroxy-naphthaquinone, and is isomeric with 
juglone; Zn dust distillation in a current of hydrogen gives naphthalene, and 
the action of acetic anhydride and Zn yields a colourless triacetyl-dihydro- 
compound, m.p. 134*6®. The phenolic hydroxyl is attached to the quinone 
nucleus, since phthalic acid is obtained on oxidation with KMn 04 {Lai and 
Dutt, J. Indian Chem. Soc. 10 (1933), 677). The colouring matter is of bio¬ 
logical interest because of its action as a promoter of respiration {Adler and 
V. Euler, Z. physiol. Chem. 226, 41). 

The coloured principle of the bark of the roots of various species of Plum¬ 
bago, previously used in India as a medicine under the name of “chita”, is 
the orange-yellow compound, plumbagin^ CnHgOj, m.p. 78® (acetate m.p. 
116®). ^-Methylnaphthalene can be isolated from the Zn dust ^stillation of 
the pigment {Boy and IhUt, J. Indian Chem. Soc. 5 (1928), 419). Observations 
on its absorption spectrum {Oomez, C. 1931 II 819), the existence of quin- 
hydrone compounds {Madinaveitia and de Buruaga, C. 1930 I 684), and the 
reduction with Zn and acetic acid to the corresponding colourless hvdro- 
quinone, m.p. 86® and 162® {Madinaveitia and Olay, C. 1933 I 2814), indicate 
that it is a naphthaquinone derivative {Madinaveitia and QaUego, C. 1929 
I 662; Katti and Patioardhan, J. Indian Inst. Sci., A, 15, 9; Buruaga, C. 1933 

I 3312). Its constitution as 2-methyl-6-hydroxy-l:4-naphthaquinone has 
been finally proved by its synthesis from m-toluyl chloride and acetyl- 
succinic ester {Fieser and Dunn, Am. 58, 672). Plumbagin is also formed by 
the oxidation of 2-methyl-l: 4-naphthaquinone with Caro’s acid {Buruaga 
and Verdu, An. Esp. fis. quim. 82 (1934), 830). 

Lapachol (I), CigH^gOg, yellow, m.p. 140®, can be isolated from the Lapacho 
tree, a South American member of the family Bignoniaceae {Oesterle, C. 1912 

II 1667; Matthes and Schreiber, C. 1916 1 162; Tunmann, C. 1916 I 399, 
Monti, Gazz. 45 (1916), II, 61). The formation of methyl-naphthalene and 
isobu^lene on Zn dust distillation, the energetic reduction with HI and 
P to p-isoamyl-naphthalene, its oxidation on the one hand to phthalic acid 
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{PcUemd and Caheriiy Gazz. 21 (1891), 374; Monti 1. c.) and on the other to 
nor-lapachol, Ci 4 Hi, 0 „ a red compound m.p. 120® {Hooker, Am. 68 , 1168), 
and a consideration of its absorption spectrum {Hooker, Am. 68 , 1163, 1168) 
have led to the constitutional formula (I) for lapachol. Lapachol has been 
synthesised from isoprene hydrobromide and jS-hydroxy-naphthaquinone 
{Fieser, Am. 49, 857). Isolapachol (II), a red substance, m.p. 120®, an 
isomer of lapachol differing in the position of the double bond, has been 
prepared from 2-hydroxy-l:4-naphthaquinone and isovaleraldehyde {Hooker 
and Greene, Ber. 1723; J. 69, 1356), and on catalytic reduction gives 
dihydro-lapaehol, a yellow substance m.p. 93*5--94*6® {Hooker, Am. 68 , 1163). 




.CH:CH.CH(CH9), 

*OH 


•CHj 

OH 


.CH(OH).C<^^ 


CH, 


O 


Lomatiol (III), C 15 H 14 O 4 , yellow needles m.p. 127®, from Lomatia iUici- 
folia and longifolia, is a hydroxy-lapachol {Rennie, J. 67, 787), as is shown 
by the catalytic hydrogenation to dihydro-lomatiol, yellow needles of m.p. 
101—102®, and dihydrolapachol (above) {Hooker, Am. 68 , 1181). It undergoes 
isomeric change (the allyl rearrangement) to isolomatiol (IV), m.p. 110®, which 
can be converted into lapachol (I) by hydrogenation and dehydration {Hooker, 
J. 69, 1381). 

Alkannin, CieH^Og, a brown-red substance m.p. 149®, [a]^^ 170® (benzene), 
was formerly used as a dyestuff for silk and cotton; it is present in the roots 
of Alkanna tinctoria in the form of its red oily angelic ester. Mild hydrolysis 
of the latter gives the free colouring matter which has the above composition 
{Brand and Lohmann, Ber. 68 , 1487). Vacuum sublimation brings about loss 
of a side-chain, and yields naphthazarin (5:8-dihydroxy-l: 4-naphthaquinone). 
Several views have been held as to the constitution of alkannin, but the 
evidence now available indicates the following formula {Brockmann et al., 
N. 23, 246; Ann. 621, 1; Brand and Lohmann, 1. c.); 



Alkannin. 


Shikonin, m.p. 147®, from shikon roots {Lithoepermum erythror- 

rhizon), is the optical antimer of alkannin {Brockmann and Roth, N. 28, 246). 

Colouring matters of the anthraquinone series have been 
observed both in the plant and in the animal kingdom. Anthra¬ 
quinone (hoelite) and a derivative of hexahydroxy-anthraquinone 
(graebite) are found in the mineral kingdom in soft slate {Treibs 
and Steinmetz, Ann. 606, 171). 
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Anthraquinone pigment 


Alizarin, Ci4H804 
(1; 2-dihydroxy-anthra- j 
quinone), orange, m.p. I 
289® 


Purpuroxanthin, C 14 H 8 O 4 
(1:3-dihydroxy-anthra- 
quinone), yellow, m.p. 
263® 

Munjistin, CigHgOe 
(purpuroxanthin-car- 
boxylic acid), yellow- 
brown, m.p. 231® 

Hystazarin, Ci 4 Hft 04 
(2:3-dibydroxy-anthra - 
quinone) 

Anthragallol, CiAOg 
(1:2:3-trihydroxy- 
anthraquinone) 

Santalin, Ci 5 Hi 405 (?) 
(l;3-dihydroxy-2- 
methoxy-6:6:7:8- 
tetrahydro-anthra- 
quinone), red, m.p. 104® 


Purpurin, CuH^O, 

(1:2:4-trihydroxy- 
anthraquinone), red, 
m.p. 263® 

Psettdo-jmrjmrin CijHgOy 
(purpurin - carboxylic 
acid), red, m.p. 222® 

Bohtol, CijHgO^ 

(purpurin - carboxylic 
acid), blue, m.p. 280® 
decomp. 

Tectoquinone, ^isRioOa 
(2-methyl-anthraquin¬ 
one), yellow, m.p. 176® 

Ruhiadin, CuHioO. 

(1:3-dihydroxy-2-me- 
thyl -anthraquinone), 
yellow, m.p. 271® 


Occurrence 

Literature 

Pentosido-^-glucoside 
“ruberythric acid” (yel¬ 
low, m.p. 168—160®) in 
madder root (Rubia 
tinctorum); 1-monome - 
thyl ether in the Indian 
chay root {Oldenlandia 
umbellata) 

Baeyer and Caro, Ber. 
7, 968; Oerstl, Bor. 9, 
281; Liebermann and 
Bergami, Bor. 20, 
2241; Glaser and Kdh- 
Ur, Ber. 60, 1349; 
Schunk, Ann. 66, 174; 
Jones and Robertson, 
J. 1938, 1167 

Madder root 

Liebermann and v, Ko- 
stanecki, Ann. 240, 266 

Madder root 

Mitter and Biswas, Ber. 
65, 622 

Monomethyl ether (m.p. 
232®) in chay root 

see vol. Ill 

1:2- and 1:3-dimethyl- 
ethers in chay root 

see vol. Ill 

Colouring matter of red 
sandalwood {Pterocar- 
pus santalinua) 

Lehmann, Z. angew. 
Chem. 43, 1119; Cain, 
Bimonsen and Smith, 
J. 106, 1336; but see 
Raudnitz, Navratil and 
Benda, Ber. 67, 1036 

Madder root 

Dimroth and Pick, Ann. 
411, 316; Marshall, J. 
1931, 3206 

Madder root 

Liebermann and Plath, 
Ber. 10, 1618 

In the fungi Boletus 
satanas, B. luridus and 
badius 

Kogl and Deijs, Ann. 
615, 23 

Teak wood 

Kafuku and Sebe, Bull. 
Chem. Soc. Japan 7 
(1932), 114 

Glucoside in madder root 

Schunk and MarchUw- 
ski, J. 66, 182; Jones 
and Robertson, J.1980, 
1699 
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Anthraquinone pigment 

Occurrence 

Chrysophanic acid, 
Ci 5 Hio 04 (4:5-dihydr- 
oxy- 2 -methylanthra- 
quinone) golden-yellow, 
m.p. 196® 

Glucosido (m.p. 205®) in 
rhubarb {Rheum off.), 
and in the lichen Par- 
melia parietina 

Aloe-emodin, CigHioOg 
(4: 6 -dihydroxy- 2 -hydr- 
oxymethyl-anthraquin- 
onc), orange, m.p. 224® 

d-Arabinoside (m.p. 147®) 
in aloe, and senna leaves 

Rhein, CisHgO* 
(4:6-dihydroxy-anthra- 
quinone - 2 - carboxylic 
acid), orange-yellow, 
m.p. 322® 

Chinese rhubarb 

1 

Emodin, CjgHioOg 
(4:6:7-trihydroxy-2- 
methyl-anthraquinone) 
orange, m.p. 266® 

Blood-red agaric {Dermo- 
cybe sanguined)’, rham- 
noside “frangulin” (m.p. 
286®) in alder-buckthorn 
{Rhamnus frangula); 
glucoside “polygonin” 
(m.yi. 203®) in Polygo¬ 
num cuspidatum; glu¬ 
coside of monomethyl 
ether “rheochrysm” 
(m.p. 204®) in rhubarb i 
{Rheum off.), Polygo- | 
num cusp. 1 

Endocrocin, 

(4:6:7-trihydroxy-2- 
methyl -anthraquinone - 
3-carboxylic acid), 
(emodin-carb. acid), 
copper-red plates m.p. 
318® decomp. 

Japanese lichen Nephro- | 
mopsis endocrocea j 

i 

i 

1 

Helminthosporin, 

CigHioOg (4: 6 : 8 -trihydr- 
oxy- 2 -methyl-anthra- 
quinone), chestnut- 
brown, m.p. 226® 

Metabolism product of 
the fungus Helmintho- 
sporium gramineum 

1 


I Literature 

, Hesse, Ann. 809, 32; 
1 Fischer and Gross, J. 

pr. 84, 372; Lieher- 
\ mann and Fischer, Ber. 
I 8 , 1104; Naylor and 
Gardner, Am. 53,4109; 
I Mohiuddin and Katti, 
, J. Indian Inst. Sci., 
j 1933, A 16,1 

I Liehermann, Ann. 183, 
I 163; Liger, J. Pharm. 
! Chim. (7) 4, 241; Seel 
and Kelher, Ber. 49, 
2364; Mitter and Ba- 
nerjee, J. Indian Chem. 
Soc. 9 (1932), 375 

Robinson and Simonsen, 
J. 95, 1086; Oesterle, 
C. 1912 I 142; Eder 
and Widmer, Helv. 
5,3; Mitter and Baner- 
I jee, J. Indian Chem. 

I Soc. 9 (1932), 376 

Liehermann, Ann. 183, 
163; Thorpe and Mil¬ 
ler, J. 61, 1; Perkin, 
J. 67, 1084; Kogl and 
Postowsky, Ann. 444, 
1; Eder and Hauser, 
Hclv. 8 , 126; Bridel 
and Charaux, C. r. 
192, 1269; Oesterle and 
Johann, Arch. Pharm. 
248 (1910), 476 


Asahina and Fuzikawa, 
Ber. 68 , 1668 


Raistrick, Robinson and 
Todd, J. 1988, 488; 
Charles, Raistrick, Ro¬ 
binson and Todd, Bio- 
chem. J. 27 (1933), 
499 
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Anthraquinone pigment 

Occurrence 

Literature 

Morindone, CigHjoOg 
( 1 : 6 : 6 -trihydroxy- 2 - 
methyl -anthraquinone), 
orange-red, m.p. 272® 

Diglucoside “morindin” 
(yellow, m.p. 246®) in 
Indian plant “aal” {Mo- 
rinda species) 

Anderaon, Ann. 71,216; 
Perkin and Hummel, 
J. 66 , 861; Oeaterle and 
Tiaza, Arch. Pharm. 
245 (1907), 649 

Cynodontin, C 15 H 10 O 4 
(1:4:6: 8 -tetrahydroxy- 
2 -methyl-anthraquin- 
one), bronze plates, 
m.p. 260® 

From the fungus Hel- 
minthosporium cynodon- 
tia 

Raiatrick, Rohinaon and 
Todd, Biochem. J. 27 
(1933), 1170 

Pentahydroxy-2-meth yl - 
anthraquinone, C 15 H 1 QO 7 
m.p. 280® 
m.p. 177® 

“Rhodocladonic acid” in 
lichens of Cladonia spe¬ 
cies 

primveroside “rhamnic- 
oside” in buckthorn 
{Rhamnua cathartica) 

Heaae, J. pr. 92, 449 

Bridel and Charaux, 
C. r. 180, 867, 1047; 
Ann. Chim. (10) 4, 79 

Nataloin, 

C„H„0..(C,H,0.) 
(3:6-dihydroxy-2-me- 
thoxy-methyl-7-ethyl - 
anthraquinone-3-pento- 
side), orange 

In South African aloe 

A. chim. Phys. 6 , 318; 
8 , 266; Seel, Arch. 
Pharm. 257 (1919), 
212, 229, 264 


The table given above summarises the constitutions of those members 
of the group which occur in plants, and gives their occurrence and the more 
important references to the literature. 

The anthraquinone derivatives of animal origin, such as kermessic acid, 
carminic acid and laccaic acid, have a more complex structure. Their great 
similarity in absorption spectrum showed that they belong to this group. 
This was also shown by chemical methods, since distillation with zinc dust 
gives anthracene and a-jnethyl-anthracene, and the action of bromine 
on the cochineal pigment and of oxidising agents gives similar degradation 
products. 

Kermessic acid (I), CigHuO,, decomp. 260®, is the brick-red colouring matter 
of the insect Lecanium ilicia^ which is indigenous to the Mediterranean region 
(Z)c la Rue, Ann. 64, 1; v. Kostanecki and Niementowski, Ber. 18, 250). Zinc 
dust distillation gave anthracene and a-mothyl-anthracene, and the structure 
of the carbon skeleton was also established by reduction of the colouring 
matter to 3: 6 ; 8 -trihydroxy-1-methyl-anthracene (II) {Dimroth and Fick, 
Ann. 411, 316; Dimroth and Kammerer, Ber. 58, 471). Bromination in acetic 
acid was accompanied by de-acetylation, giving monobromo-coccin (III), 
CieHjOgBr, m.p. 260®; energetic bromination converted this into tribromo- 
coccin (IV), C^jHyOeBr,, m.p. 248®, and finally into a-bromo-carmine (V), 
CioH 408 Br 4 , an indone derivative {Dimroth and Rcheurer, Ann. 899, 43). 
Oxidation of the trimethyl ether of kermessic acid (m.p. 310®) gave the 
methvl ether methyl ester of cresotin-glyoxyl-dicarboxylic acid (VI), CisHuOg, 
together with the methyl ether methyl ester of cochinillic acid (VII), CitHi807 
{Dwiroih, Ber. 48, 1387). Complete degradation with nitric acid gave nitro- 
coccussio acid (VIll). The following formulae show the relationship of the 
degradation products to the natural product: 
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HoC 0 OH 



H 3 C O OH 



HjC 0 OH 

(-COCH,) HOl^'>^^I^^OH 

HOOC O OH 





HOI 


CBr^ 



CH 3 

Aco.cooh 

CHsOL ^COOH 
COOCH 3 


CHg 

AVooh 

VII 

CHjOl^ liCOOH 
TOOCH 3 


Laccaic acid, C 20 H 14 O 10 , the cinnabar-red colouring matter produced 
by the cochineal insect Coccus laccaCf was formerly used as a substitute for 
cochineal under the name “lac dye”. The anthraquinone structure of the 
pigment is established by a comparison of the absorption spectrum and 
confirmed by distillation with Zn dust. Reduction with Zn and ammonia 
gives a derivative of anthrahydroquinone, CjoHuOj, which is reoxidised 
by atmospheric oxygen to an anthraquinone deiivative, C 2 oHi 40 g. The 
oxidation of laccaic acid with HjOg gives calaic ar*id, CigHi 40 n, which con¬ 
tains three carboxyl groups and one keto group; it is degraded by bromine, via 
/?-bromolaccain (I), CijHgOgBr, and a-bromolaccam (II), CioH 205 Br 4 , to the 
substituted aromatic tricarboxylic acid (III), C 2 H 407 Br 2 . The naphtha- 
quinone ring of )Sl-bromolaccain is opened by HgOg to yield the a-keto-acid 
(IV), C^iHgOioj which is converted by cone, sulphuric acid into the phenol- 
tetracarboxylic acid (V), C 10 H 3 O 9 {Schmidt, Ber. 20, 1286; Dimroth and Gold¬ 
schmidt, Ann. 390, 62; Tschirch and Lvdy, Helv. 6 , 994). In distinction to 
kermessic acid (see above) and carminic acid, oxidation of laccaic acid with 
HNO 3 forms picric acid. The following scheme expresses the degradations 
so far carried out; 


a-Methyl-anthracene 


Zn^ NH, 

Laccaic acid- >■ Anthrahydroquinone 


>|r Hi®! 

Calaic acid C 18 H 14 O 11 




COOH 


/CO\ 

Brr^AcOOH HOBr BrA Y \ „ 

TIlll_+ CHBr3^e— lull CBr, 


HOOC O 


HOI 


DOOH 


'"CO^ 


Br. HOO' 
HOl 




O 


OH 

Br 


COOH COOH 

HOOCf^^COOH H .304 H00C/\C00H 

Hol: Ico cooH 


HOl^^OOH 


H,o. 


Carminic acid (I), CggHj^oOi,, decomp. 136-206®, [a]D + 80-6® is prepared 
from cochineal, the dried wingless females of the cochineal insect. Coccus 
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cficti coccineUiferif which lives on various species of Cactus in South and Central 
America. The red colouring matter, which was used for dyeing wool before 
the discovery of the azo-dyestuffs, has a close spectroscopic similarity with 
kermessic and laccaic acids. Zn dust distillation gives a mixture of hydro¬ 
carbons, from which anthraquinone and a-methyl-anthraquinone can be 
obtained by oxidation. Mild reduction eliminates a phenolic hydroxyl group, 
giving desoxy-carminic acid (II) (see Dimroth and Kammerer^ Ber. 53, 471). 
The violent conditions of potash fusion bring about the loss of five carbon 
atoms of an aliphatic side-chain, with the formation of the anthranol deri¬ 
vative, coccinin (III), Ci 7 Hi 40 fl, which is readily oxidised by air to coccinone, 
C 17 H 12 O 7 {Hlasiwetz and Orabowski, Ann. 141, 329; Dimroth^ Ann. 399, 1). 
Careful treatment with bromine yields the bromo-compounds, C 22 H 2 iOi 8 Br 3 
and C 2 iH 2 oOiiBr 2 , which are degraded by more energetic bromination into 
jS-bromo-carmine (IV), C 44 H 604 Br 8 , and then a-bromo-carmine, (V), 

CioH 403 Br 4 ; these reactions involve profound changes in the ring system 
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(Liebermann, Horing and Wiedermann, Ber. 88 , 149; Dimroth, Ber. 42, 1611, 
1736; Rohde and Dorfmilller, Ber. 48, 1363). Carminic acid is oxidised by 
permanganate, vi& the labile intermediate (VI), into carminazarin (VII), 
C 12 H 8 O 7 ’ decomp. 240—260®, which can be converted on the one hand into the 
tetraketone carminazarinquinone (VIII), CigHgO^, and on the other into 
cochinillic acid (X), C 10 H 8 O 7 , m.p. 226®, via cresotin-glyoxyl-dicarboxylic acid 
(IX), CjiHgOg, m.p. 23(?* decomp. Oxidation with HgOg takes a similar 
course, and the naphthaquinone derivatives (XI) and (XII) are obtained 
{Dimroth, Ann. 899, 1). Thus the anthraquinone ring of carminic acid 
carries one methyl group, one carboxyl and four hydroxyl groups; the 
remainder of the molecule, CgHiiOg, must be an aliphatic chain with 
four hydroxyl groups which can be acetylated {Dimroth and Kammerety 
Ber. 58, 471). These various reactions are summarised in the formulae 
on page 432. 


Phenanthraquinone Derivatives. — The red thelephoric acid^ 
^ 8 oRi 2 ^® {triacetatey CggHigOij, orange-yellow, decomp. 330®), is obtained from 
fungi of various species of Thelephora. The nine oxygon atoms are present 
as one quinone group, three phenolic hydroxyl groups and two carboxyl 
groups because of the formation of pentacetyl-leiico-thelephoric acid and 
the pentamethyl ether of leuco-thelephoric dimethyl ester, m.p. 246®. 
It loses two molecules of COg in Zn dust distillation; 2-butadienyl- 
phenanthrene, C 18 H 14 , m.p. 126®, is formed, which has been identified by 
conversion into phenanthrene-2-carboxylic acid, CisH^oOg, m.p. 264®, and 
phenanthrene, C 14 H 10 , m.p. 97®. When the colouring matter is oxidised 
with alkaline HgOg, hydroxy-trimellitic acid (phenol- 2 :4: 6 -tricarboxylic 
acid), C 9 H 4 O 7 , m.p. 241®, can be isolated, which shows that one carboxyl 
group occupies position 3 in the phenanthrene ring. The position of the 
second carboxyl group is indicated by the isolation of adipic acid, C 4 H 10 O 4 , 
m.p.l60®, from the oxidation products of heptamethyl-hexahydro-thelephoric 
acid, CJ 7 H 32 O 9 , m.p. 246®. The rigid proof that the pigment is a 9:10-phenan- 
thraquinono derivative is given by its oxidation by chromic acid to 4:2':6'- 
trihydroxy-diphenyl-2:6:4': 6 '-tetracarboxylic acid, CjgHigOii, m.p. 290®; 
the latter can bo decarboxylated to 4:2': 6 '-trihydroxy-diphenyl, CigHjoOj, 
m.p. 234®, which is identical with the synthetic product and can be oxidised 
by HgOj to p-hydroxy-benzoic acid. These various reactions lead to the 
following constitution for thelephoric acid {Kogly Erxlehen and Janeckey 
Ann. 482, 105): 


O O 


DH 



!H=CH—CH=CH—COOH 


HOOC/ 


Xylindein, ^s 4 Ri 6 ^ii» malachite-green pigment of the fungus Peziza 
aeruginosa which grows on dead beech wood, is also a phenanthrene derivative. 
Its molecule is derived from the following quinone structure {Kogl and 
V. Taeuffenhachy Ann. 445, 170; Kdgl and ErxleheUy Ann. 484, 66): 


c) COLOURING MATTERS OF THE CUMALIN, CHALKONE AND 
VULPINIC ACID SERIES 

The following section deals with a group of coloured benzene 
derivatives with unsaturated side-chains, e.g. the colouring matters 
of coto-bark and kawa root, the curcuma pigment, which is a chalkone, 
and the vulpinic acid derivatives. 

Bichter-Anschtltz li. 


28 
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In addition to the benzophenone derivatives described on p. 461, coto- 
bark contains phenyl-cumalin (6-phenyl-a-pyrone), CnHgOj, a yellowish sub¬ 
stance m.p. 68®, and ‘ its methylene-dihydroxycompound paracotoin, 
C]^2^g04, a yellow substance m.p. 162®. Potash fusion yields benzoic acid or 
piperonylic acid, m.p. 228®; the presence of an aromatic nucleus is also shown 
by nitration of the compounds to CiiH70j(N02), yellow, m.p. 161®, or to 
Ci2Hg04(N02)2» golden-yellow, m.p. 196®. Degradation with boiling alkali 
gives acetophenone, CgHgO, m.p. 20®, or acetopiperone, CgHgOg, m.p. 86®; 
the same reaction with the methylated compounds, dimethyl-phenyl- 
cumalin, CigHijOg, m.p. 101®, or dimethyl-paracotoin, Ci4Hi204, yellow, m.p. 
141®, gives phenyl ethyl ketone, CgHioO, b.p. 216®, m.p. 22^, or propiopiperone, 
CjoHioOg, m.p. 38*6®. The olefinic side-chain (2 p=), shown to be present 
by the formation of very unstable hydrobromides and dibroraides, is establish¬ 
ed in phenyl-cumalin by reduction with HI or Na amalgam to phenyl- 
valeric acid, C11H14O2, m.p. 69®. The existence of the cumalin-ring is proved 
by the conversion of phenyl-cumalin into a-phenyl-pyridone, C^HgON, m.p. 
197®. The following formulae are therefore assigned to phenyl-cumalin (I) 
and paracotoin (II) {Ciamician and Silbery Ber. 27, 841; Lehen, Ber. 29, 1673; 
Jobst and HeasBy Ann. 199, 31): 


II 



Phenyl hydrazine opens the oxygen ring to give the compounds: 

CgHg C CHg.CH-.CH CO or CHgOgtCeHg C.CHa CH:^*^ 

Jr.NHCjHs l!fHNHC,H5 i-NHC.H, NH.NHC.H, 

(white, m.p. 198®) (yellowish, m.p. 201®) 

The extract of kawa root. Piper methysticumy is used in the South Sea 
Islands for the preparation of the intoxicating national drink, “kawa-kawa”; 
it contains kawain, yangonin and methysticin, and their dihydro-compounds. 

Kawain (I, p. 435), C14H14OS, an almost colourless substance of m.p. 106®, 
is prepared technically under the name of “gonosan” for the trealjment of go¬ 
norrhoea. It is converted by caustic soda into kawaic acid (II), C14H14O3, 
a bright yellow compound of m.p. 186®, and loses COg on distillation to give 
6-phenyl-2-methoxy-hexatriene (III), C13H14O. Tetrahydro-kawain (V), 
Ci4Hig08, m.p. 110®, which can be obtained by the catalytic hydrogenation of 
kawain, via dihydro-kawain (IV), Ci4Hig03, m.p. 68®, and also from kawaic 
acid, similarly loses COg on distillation with the formation of 6-phenyl-2- 
methoxy-d^-hexene (VI), CjgHigO, b.p. 138®/16 mm.; mineral acids cause a 
similar degradation to 6-phenylhexan-2-one (VII), CjgHigO (semicarbazone 
m.p. 141®). The tetrahydro-compound is reduced very slowly to hexa- 
hydrokawaic acid (VIII), Ci4HaoOs. A summary of the reactions of kawain 
is given on p. 436 {Borsche and Bothy Ber. 64, 2229; Borache and Peitachy Ber. 
62, 360; 63, 2414; Borache and Blount, ibid. 2418). 

allo-Kawain, CgHg-CH.-CH CH :CH.CO.CH2.COOCH8, m.p. 92®, ob¬ 
tained by demethylation of kawaic acid and esterification by means 
of the tetramethyl ester of orthosilicic acid, has been synthesised from 
4-phenylbutadiene-l-carboxylic acid chloride and the methyl ester of aceto- 
acetic acid {Borache, Ber. 60, 982; Borache, Roaenthal and Meyer, ibid. 1136). 

Methysticin, 01561405, a brown compound m.p. 137®, has been identified 
by methods similar to those used for kawain, as methylene-dihydroxy- 
kawain: 

OCH, 

CH,0,:C,H,.CH:CH.CHCH,C:CHCO 


O 



I Eawain OCH, 11 OCH, III OCH, 

I Alkali I dlst. 

C,H5 CH:CH CH-CH, C:CH C0 -^ C.Hj CH.CH CHiCH CiCH COOH ->- C,H5 CH:CH CH:CH-C:CH, +COj 
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(Pomeranz, Mo. 9, 863; Borachey Ber. 60, 982; Boracke, Meyer and Peitzachy 
ibid. 2113; 2116; Borache and Peitzachy Ber. 62, 360; Borache and Bhunt, 
Ber. 68 , 2418). 

Yangonin (I, p. 436), C 16 H 14 O 4 , a yellow substance m.p. 164®, is hydrolysed 
by dilute alkali and the y-pyrone ring also opens to give yangonic acid (II), 
C 14 H 14 O 5 , a bright-yellow compound m.p. 124®, which loses CO, on heating to 
give yangonol (III), CiaHi 40 g; fusion with alkali destroys the pyrone ring, 
3 delding anisaldehyde (p-methoxy-benzaldehyde) and p-methoxy-cinnaraic 
acid. Catalytic hydrogenation first reduces the double bond between the 
aromatic nucleus and the pyrone ring, as with kawain, giving dihydro- 
yangonin (IV), Ci 5 Hie 04 ; potash fusion of this gives 4-p-methoxy-phenyl- 
butan-2-one and p-methoxy-hydrocinnamic acid (Borache and Qerhardty Ber. 47, 
2902). Those reactions of yangonin which are of importance for determining 
its structure are shown on p. 436 {Borache and BodenateiUy Ber. 62, 2616; 
Borache and Blounty Ber. 65, 820). 

The chalkones are closely related to the flavanones (see p. 360 ). 

The glucoside of butein (I), CigH^jOg, an orange-red compound of m.p. 
214®, identical with the dyestuff “tesu”, occurs in the flowers of Butea fron- 
doaa. It readily undergoes rearrangement into the corresponding flavanone 
derivative butin (II), m.p. 224® {A, O. PerkiUy Proc. 19, 134; 20, 11): 



An isomer of butein-glucoside is also known; it is salipurposide, CaiHjgOio, 
the orange-red dyestuff of obtained from various species of Sahx. Its aglu- 
cone, salipurpol, CuHijOs, yields phloroglucinol, CgHgOa, m.p. 222 ®, and 
p-coumaric acid, C 9 H 3 O 3 , m.p. 226®, on fusion with alkali, and hence is dehydro- 
phloretin: 

OH CO 

A/\ch 

Hol^JloH IlH— 


Like phlorrhizin, it produces strong glucosuria {Charaux and RahatCy Bull. 
Soc. Chim. Biol. 18 (1931), 814). 

Hyssopin, C^eHigOe, an orange substance, decomp. 266—270®, the yellow 
dyestuff of Herha hyaaopiy is the rhamnosido of 2:4:6-trihydroxy-styryl- 
3: 4 -methylene-dihydroxy-phenyl-ketone {OeaterlCy Schweiz. Apoth.-Ztg. 59 
(1921), 648; 60 (1922), 441). The constitution of this chalkone follows from 
the products obtained by the action of alkalis, phloroglucinol and piperonal 
or acetopiperone, and from its synthesis from i)hloroglucinaldehyde and 
acetopiperone {Shriner and Kleiderery Am. 51, 1267): 


CO CO 



Carthamin (I), C^iH^On, m.p. 230®, the red colouring matter of the wild 
saffron, Carthamua tinctoriua, is obtained by extracting the leaves with pyri¬ 
dine; isocarthamin (II), CaiH„ 0 ii* 2 H 20 , yellow needles of m.p. 228®, can be 
obtained from the plant by using water and HCl. Fusion with potash gives 
p-hydroxy-benzoic acid {Maliny Ann. 186, 117), while with dilute alkali 
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p-coumaric acid and p-hydroxy-benzaldehyde are formed {Kametaka and 
Perkin, J. 97, 1416); the potash fusion of dihydro-carthamin, obtained by 
catalytic reduction, yields p-hydroxy-hydrocinnamic acid and a phenol which 
not been investigated further. If the glucose is removed from carthamin 
by hydrolysis with hot dilute H 8 PO 4 , carthamidin (III), 
a pale-yellow substance m.p. 218®, is obtained and this has been synthesised 
from 2-hydroxy-3:4:6-trimethoxy-acetophenone and anisaldehyde {Bar^ 
gellini and Zorns, Gazz. 64, 202); similarly, isocarthamin gives isocartha- 
midin, CigHjjO®, a yellow compound m.p. 240® {Kuroda, Proc. Imp. Acad. 
Tokyo 6 (1929), 32; J. 1930. 762): 



HO 



OH "^0^ 


The synthesis of carthamin pentamethyl ether, m.p. 112®, from 1:2:3:6- 
tetramethoxy-benzene, acetyl chloride and p-methoxy-benzaldehyde proved 
its constitution as 2:3:4:6:4'-pentamethoxychalkone {Kuroda, Proc. 
Imp. Acad. Tokyo 5 (1929), 86 ). 

Curcumin, C 21 H 20 O 8 , orange-yellow prisms of m.p. 183®, was isolated by 
Vogel and Pelletier in 1816 from the roots of Curcuma longa and viridiflora; 
it has also been found in rhubarb {Linde, Apoth.-Ztg. 31 (1916), 614). The 
colouring matter dissolves in alkali to give brownish-red salts, and gives an 
intense ferric chloride reaction; hence it must bo an enol. The presence of 
two phenolic hydroxyl groups is shown by the formation of a dimethyl ether, 
m.p. 137®, a diacetyl compound, m.p. 171®, and a dicarbethoxy-compound, 
m.p. 152®; two methoxyl groups are also present. With hydroxylamine, cur- 
cumin gives an oxime, CjiHjiOjN, m.p. 162®, and an isoxazoie derivative, 
C 21 H 19 O 5 N, m.p. 173®; the formation of the latter shows the presence of 
a 1:3-diketo-group. Catalytic hydrogenation saturates two double bonds 
and gives colourless tetrahydro-curcumin, C 21 H 24 O 8 , m.p. 96® {Ciamician and 
Silber, Ber. 30, 192). Degradation of curcumin with hot alkali yields vanillic 
acid, C 8 Hg 04 , m.p. 207®, and ferulic acid, C 10 H 10 O 4 , m.p. 169® {Milobedzka, 
V. Kostanecki and Lampe, Ber, 43, 2163). These experimental results shown 
that curcumin and is the enol-form of diferuloyl-methane: 

CH3 O OCH3 

ho/ ^>—CH=CH—C=CH—CO—CH=CH— ^ ^ OH 

OH 

Acetylation in p 3 rridine converts curcumin into the diacetate of isocurcumin, 
m.p. 164®; the latter is the keto-form {Ghosh, J. 116, 292): 

CHjO_ OCH3 

HO^ y-CH=CH---CO—CH,—CO—CH=CH— '^ OH 

The synthesis of curcumin from two molecules of vanillin and one of acetyl- 
acetone does not go smoothly {Heller, Ber. 47, 887, 2998), but it can be ob¬ 
tained from carbomethoxy-feruloyl chloride and acetoacetic ester by the 
following steps {Lampe, Ber. 61, 1347); 
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CH,0 I 

CH,00C0/_^^H=CH—COCl+H,C—CO—CH, 


COOR 


CHoO 


condens. 


hydrolysis 


OCH, 


CH^OOCO<^' y CH=CH-CO CH2-C0-CH3+C1C0-CH=CH~^ ^OCOOCHj 


CH3O 


CO—CH, 


OCH, 


CH300C0< ^ y -<)H=CH-~CO—CH—C0--CH=:CH—^ ^^OCOOCHa 


CH,0 


dil acetic acid 


hydrolysis 


OCH 3 


ho/ y-CH=CH—C=CH—CO—CH=CH—/~\ oH 

""" OH 


The vulpinic acid group contains several deeply coloured lichen 
colouring matters. They are related biogenetically to the terphenyl- 
quinone pigments of the fungi (p. 424). 


Vulpinic acid (I), C 19 H 14 O 5 , a yellow substance of m.p. 148®, the colouring 
matter of the lichens Evemia vulpina, Cetraria vulpina etc., is the methyl 
ester of pulvinic acid (II), CjgHuOs, a brown compound m.p. 216®; with 
methyl alcohol the latter yields the dilactone (III), C 18 H 10 O 4 , a yellow com¬ 
pound m.p. 221®, and then vulpinic acid again {Volhardy Ann. 282, 1; Wolff, 
Ann. 288, 14): 


COOCH 3 OH 
C,H,-(1==C-<I)=C.C,H 5 

i_io 


II 

COOH OH 




=c — C!=CC,H 5 

I I 

0-CO 


HI 

CO-0 


c,h,-<!;=c—(!:= c-o,i 




0-Co 


Boiling baryta converts vulpinic acid into l:4-diphenyl-2:3-diketo-butane 
1 :4-dicarboxylic acid (diphenyl-ketipinic acid) and then into two molecules 
of phenylacetic acid and one of oxalic acid (IV) {Spiegel, Ann. 299,1). Alkalies 
bring about a benzilic acid rearrangement with loss of two molecules of CO 2 
to dibenzyl-glycollie acid (V); 

‘ COOH C,H,. CH—CO • CO—CH • OjK, 

CgHj-CHj/ I I I I 

6 h \ COOH j COOH 

IV 

2 C.H 6 CH 3 + HOOCCOOH 
COOH 

Oxidation of the methyl ether of vulpinic acid (VI) leads to phenyl-gly- 
oxylic ester, oxalic acid and benzoic acid (Vll) {Karrer, Oehrekens and Heuas^ 
Helv, 9, 446): 
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CH,0 OH 


VI 

OCH, COOCH, 


C,H..O^ VIII ^.C.H 5 ^C,H..C=^=C.C,H 

^00/" io—o 

COOCH, 


VII 


CjH, COOH + HOOC—COOH f I'O C.H,. 


The hydrolysis of the methyl ether with methyl alcoholic potash is a very 
characteristic reaction: the solution which is originally yellow becomes deep 
violet after a short time; this is due to hydroxy-quinone ring-closure, and 
addition of acids precipitates a yellow substance, 2 :5-diphenyl-3-hydroxy- 
4-methoxy-cyclopentadienone (VIII), CjoHigOg (Kogl, Ann. 466, 248). This 
is the reverse of a rearrangement, observed much earlier {Claisen and Ewan, 
Ann. 284, 260), of oxalyl-dibenzylketone, when it is heated above its m.p. 
into iso-oxalyl-dibenzylketone (“pulvinone”) (p. 60): 


OH O 


CgHg.O 




-c. 




^co 


JH-C.H, 


OH 

c c 

C.H,.C^ fV!H-C,H,. 

\co—o 


The carboxy-cornicularic lactone (IX), CigHi 804 , m.p. 216®, obtained from 
vulpinic acid by reduction, is converted by alkali into cornicularic acid (X), 
C 17 H 14 O 3 , m.p. 123®, the lactone ring being opened and CO 2 lost; the action 
of Zn and alkali gives dihydro-cornicularic acid (XI), m.p. 134®, which loses 
its second carboxyl group on distillation with lime, with the formation of 
benzyl-phenylethyl ketone (XII). and is hydrolysed by potash to phenyl- 
succinic acid, C 10 H 14 O 4 , m.p. 167®, and toluene (XIII). Further reduction of 
dihydro-cornicularic acid with HI and P leads to 1 :4-diphenyl-butane- 
1-carboxylic acid (XIV) {Thiele, Ann. 306, 147; Thiele and Straus, Ann. 
310, 211): 


COOH 

I 


IX Alkali 


I 

CO 


XI 




X 


OH 


!)ooh 


C,H, • CH,—CO-CH,—CH • C.H, 

boon 


XII 


^ XIII 

C,H,.CH,+ HOOCCH,CH.C,H, 
ioOH 


XIV 

C,H, • CH,—CH,—CH,—CH • C.H, 

iooH 


The constitution of vulpinic acid deduced from these degradations is con¬ 
firmed by its synthesis from benzyl cyanide and oxalic ester {Volhard, Ann. 
282, 1 ; cf. Kogl, Ann. 466, 246): 
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CN 


CjHs-CHj-CN NC-CHa-CeHs 

+ 

ROOC-UOOR 

O-CO- 


-2 BOH 


CeHs-CH-CO-CO-diH •C,Hj 

djN 


hydro!. 


o-CO 


I I CH.OH I I 

C,H5 . C=C • C=C. CeH 5 ► CeH^ - C=C—C=C • 

djo—0 iooCHoin 


Bipiilyliiic acid, OsaHaaOg, brick-red needles of m.p. 21 P, which occurs in 
the lichen Candelaria concolor, is converted by methyl alcohol into two 
molecules of vulpinic acid, Ci 9 Hi 405 , m.p. 148®, and by acetic anhydride into 
pidvinic anhydride, C 18 H 10 O 4 , m.p. 220® {Hesse, Ber. 30, 1983). 

Lichens of the genus Cetraria yield the orange-yellow plnastric acid, 
CjoHiaOj, m.p. 203® (methyl ether m.p. 163®), a p-methoxy-vulpinic acid, as 
is shown by its oxidation to anisic acid and benzoic acid, and by its alkali 
fission to p-methoxy-phenylacetic acid, m.p. 87®, phenylacetic acid and 
oxalic acid {Roller and Pfeiffer, Mo. 62, 160): 


COOCHj OH 

OH, ■ <1;=C —(i==C ■C.H, - OCH, 

A- -Ao 



C4Hj.COOH-fHOOC.C8H4.OCH8 CeHj. CHj COOH + HOOC CH* C^Hj • OCHg 

4-HOOC.COOH 

This lichen acid has been synthesised by Asano and Kameda (Ber. 67, 
1622) and by Roller and Rlein (Mo. 63, 213). 


d) FLAVONES, FLAVONOLS, AND ANTHOCYANINS 

The majority of the flavones and flavonols are compounds of a 
yellow colour, but they also occur as colourless glycosides in the 
corollas of several white flowers {Nakaoki, J. Pharm. Soc. Japan 
52 (1932), 195, 198). The colours of the anthocyanins depend in the 
first instance upon the hydrogen ion concentration of the cell sap 
{Karrer and co-workers, Helv. 10, 742; Buxton and Darbiahire, 
J. Genetics 21 (1929), 71). Their oxonium salts usually have a red 
colour, while their alkali salts are blue to violet. The colour is further 
a function of the number of hydroxyl or methoxyl groups present 
in the aglycone, and depends also on the nature of the sugar and 
the acid components. In addition to these factors the presence of 
specific substances called co-pigments is of importance: examples 
of such substances are tannin, free acids (e.g. gallic acid, cafieic acid, 
acetic acid, see Rarrer and Schwarz, Helv. 11, 916), 2-hydroxy- 
xanthone and ferric salts {Willatdtter and Zollinger, Ann. 412, 195; 
O. Robinson and R, Robinson, Biochem. J. 26 (1931), 1687), and 
papaverine hydrochloride (idem, ibid. 28 (1934), 1712); the presence 
of colloidal matter also has a considerable influence on the colour 
(see Robinson, Brit. Assoc. Rep. 1933, 53). To some extent the 
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anthocyanins are present in plants as leuco-anthocyanins, which 
are compounds in the same stage of oxidation; these yield the antho- 
cyanidin chloride with strong HCl without absorption of oxygen 
(&. Robinson and R, Robinson, Biochem. J. 27 (1933), 206; 0. Rabin- 
son, J. 1937, 1157). 

The pigments may be prepared pure through their difficultly 
soluble salts (chlorides, picrates or heavy metal salts), and by chro¬ 
matographic analysis {Karrer, Strong and Weber, Helv. 19, 25, 1025). 

Useful summaries of the methods of synthesis which are available 
in this group wiU be found in an article by 0. Robinson and R, Robin¬ 
son (Nature 128 (1931), 413) and a lecture by R, Robinson (Ber. 
67 (A), 85). 

Two reactions have been usefully employed to determine the 
position of the sugar residue in the anthocyanin. 

1. Anthocyanins with a free hydroxyl-group in the 3-position are 
rapidly decolourised by ferric chloride solution (Robinson and co¬ 
workers, J. 1931, 2672), while its substitution stabilises the mole¬ 
cule (Karrer and co-workers, Helv. 10, 729). The same holds for 
sensitivity to alkali and ease of reduction (idem, ibid., 743). 

2. The heterocyclic ring of the anthocyanins (I) can be opened 
by HgOg in the following way: 


A/V-« 

vxJCk 


\coo.c,h „05 

I I ■■ ,<xxr-\ 


If the 3-hydroxyl is carrying a sugar residue, the corresponding 
sugar-ester (II) is formed, and this is easily hydrolysed by dilute 
ammonia; a sugar residue attached to the aromatic nucleus, e.g. in the 
5-position, is only removed by heating with dilute HCl (Karrer and 
de Meuron, Helv. 16, 507, 1212; Robinson, N. 20, 612). 

The conclusions drawn from the behaviour towards ferric chloride 
and from the degradation with HgOg with subsequent hydrolysis 
are completely confirmed by the synthesis of the anthocyanins 
themselves which has been carried out by the general method of 
synthesis of flavylium compounds (see vol. IV) (Robinson and co¬ 
workers, J. 1928, 1455, 1460; Levy, Posternak and Robinson, J. 
1931, 2701; Robins(m and co-workers, ibid. 2665, 2672, 2701; Leon 
and Robinson, ibid. 2732; 1932, 2221; Robinson and Todd, ibid. 
2299, 2488). 

The following reactions serve for the rapid characterisation of 
the anthocyanins or anthocyanidins (Levy and Robinson, J. 1931, 
2715; O. Robinson and R, Robinson, Biochem. J. 25 (1931), 1687; 
26 (1932), 1647; Karrer and co-workers, Helv. 10, 742): 

(I) Change of colour with sodium hydroxide and carbonate. 

(II) Typical colourations with ferric chloride in amyl alcohol. 

(III) Solubility in cyclohexanol -f-toluene (1:5). 

(IV) Stability towards atmospheric oxygen. 

(V) Behaviour towards picric acid in amyl ethyl ether -f- anisole 
(1:4). 
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For the spectroscopic investigation of flavones, etc., see Robertson 
and Robinson, Biochem. J. 23 (1929), 35; Hattori, Acta phytochim. 
6 (1931), 219; 6 (1932), 131; Schou, Helv. 10, 907. 

Biogenetic relationships. — Flavones and flavonols (I) can be 
reduced to anthocyanidins (II) with Na-amalgam (Asahina, Nakagome 
and Inubuse, Ber. 62, 3016; Kondo, J. Pharm. Soc. Japan 62 (1932), 
47), with Mg and HCl (Willstdtter, Ber. 47, 2874; Willstdtter and 
McUlison, Ann. 408, 27; Combes, C. r. 167, 1454; Willstdtter and 
MaUison, C. 1914 II 1358), and with Grignard reagents; the antho¬ 
cyanidins can be converted by Zn and pyridine-acetic acid into their 
leucocompounds (III) (see Kuhn and Winterstein, Ber. 66, 1742), 
and the catalytic hydrogenation of the flavones, etc., leads finally 
to the catechins (IV) (see Freudenberg, Carrara and Cohn, Ann. 
446, 87; Freudenberg and Kammiiller, Ann. 461, 209; Freudenberg 
and Harder, ibid. 213; Freudenberg and co-workers, Ann. 444, 135; 
Nierenstein, J. Indian Chem. Soc. 8 (1931), 329): 



HOi 


OH 

Flavonol 



H0/\ 


0 


\ 


OH 




CH—<f %OH 

III I \=--/ 

Anthocyanidin leucobase 


11 I \= 

^COH 

OH 

Anthocyanidin salt 
^o/\' '^CH—^ 

\/\cH ^ 

OH 

Catechin 



This formal connection makes it probable that the flavonols are the 
precursors of the anthocyanins {Noack, Z. Botanik 14 (1922), 1; Karrer and 
Schtoarz, Helv. 11, 916). Investigations on this i)oint have in fact shown that 
the maximum formation of flavones is always observed before the occurrence 
of the anthocyanins, and that a rise in the content of anthocyanin is 
always accompanied by a corresponding decrease in flavone, their sum 
remaining practically constant. In the dying organism, the colouring matters 
are probably converted into catechins {Klein and Werner, Z. physiol. Chem. 
148, 9; Onslow, Nature 129 (1932), 601). 

The presence of the phloroglucinol nucleus in all anthocyanins makes it 
clear why phloroglucinol is the only phenol which is necessary for anthocyanin 
formation, as has been shown by the experiments of Czartowsky on living 
plants. 

The occurrence of several stages of hydroxylation, such as pelargonidin, 
cyanidin and delphinidin in one and the same plant {Onslow, loc. cit.; (7. Robin¬ 
son and R. Robinson, Biochem. J. 26, (1932), 1647) is very striking, as is the 
simultaneous occurrence of methylated compounds {Karrer and Widmer, 
Helv. 10, 6). Occasionally, nitrogenous members of this class of colouring 
matter are found in nature, such as the amino>anthocyanidin betanin, and 
the HCN derivative of a flavone, lotusin. 

The colouring matters of this group are tabulated in the following pages, 
together with their aglycones and sugar components, and the more im¬ 
portant references to the literature. 
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e) BENZOPHENONE AND 
XANTHONE DERIVATIVES 

The colour of the yellow wood 
from Acacia catechu is due to its 
content of maclurin, O^jHioOe, m.p. 
122® (pentamethyl ether m.p. 167®) 
{Ciamician and Silher, Ber. 27, 1628; 
28,1394; Nierenstein, J. Indian Chejn. 
Soc. 8 , 143). That its constitution 
can be represented by the formula 
OH OH 

ho/ y_CO—/ SoH 

follows from the alkali degradation 
of its pentamethyl ether to phloro- 
glucinol trimethyl ether and veratric 
acid, and from the oxidation products 
of leucomaclurin pentamethyl ether, 
which are 2 : 6 -dimethoxy-p-quinone 
(see also p. 422) and veratraldehyde 
or veratric acid (v. Koatanecki and 
Lampe, Ber. 39, 4014). The penta¬ 
methyl ether of maclurin can be 
obtained synthetically from phloro- 
glucinol trimethyl ether and veratroyl 
chloride {v. Koatanecki and Tambor, 
ibid. 4022). Maclurin itself has been 
synthesised by the condensation of 
phloroglucinol with protocatechuic 
nitrile vith the aid of ZnClg and HCl 
(Hoesch and v. Zarzecki, Ber. 60, 462). 

The South American coto bark 
from Nectandra coto contains a group 
of closely related yellow colouring 
matters: cotoin, hydrocotoin, methyl- 
hydrocotoin, protocotoin and the 
phenylcumalin and paracotoin 
already mentioned (p. 434). 

Cotoin, C 14 H 12 O 4 , m.p. 129® (di¬ 
benzoyl compound m.p. 136®), con¬ 
tains a methoxyl and a keto group, 
and is degiaded by alkali to benzoic 
acid and phloroglucinol; hence it is 
a dihydroxy-methoxy-benzophenone 
{Ciamician and Silher^ Ber. 27, 409). 
The p-position of the methoxyl 
follows from the formation of a 
mono-nitroso-compound (PoZial;, Mo. 
22, 996), and from the existence of 
only one methyl ether {Spaih and 
Weaaelyt Mo. 49, 229) and only one 
p-toluenesulphonate {Karrer and 
Lichtenstein, Helv. 11, 789). It has 
been synthesised by the method of 
Hoesch from benzonitrile and phloro¬ 
glucinol with subsequent methylation 
{Hoesch, Ber. 48, 1131; SpUh and 
Fuchs, Mo. 42, 271). 

20 * 
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Hydroeotoin, C 15 H 14 O 4 , m.p. 118®, has been identified as cotoin mono- 
methyl ether (2-hydroxy-4:6-dimethoxy-benzophenone) by its conversion 
into phenyl-coumarin acetate with acetic anhydride and sodium acetate. 
It has been prepared synthetically from benzoyl chloride and phloroglucinol 
dimethyl ether {Poliak, Mo. 18, 738). 

Methylhydrocotoin, Ci 4 Hie 04 , m.p. 116®, has been synthesised from benzoyl 
chloride and phlon)glucinol trimethyl ether, and hence is cotoin dimethyl 
ether (2:4:6-trimethoxy-benzophenone) {Ciamician and SiJher, Ber. 27, 1497). 

Protocotoin, CJ4H14O4, m.p. 140®, is oxidised by KMn 04 to acetopiperono; 
condensation with bromacetic ester yields a coumarone derivative, which 
shows the presence of a free ortho hydroxyl. It is therefore given the con¬ 
stitution : 2 - hydroxy-4:6-dimethoxy-3': 4'-methylenedihydToxy-benzophen- 

one, which is established by its synthesis by the method of Hoesch {Spath 
and Bretschneider, Mo. 49, 429): 


CHo-0 


-f ^OH - 


. (\/^ 
CHo-0 


"\0CHo, 


Euxanthic acid, -31120, m.p. 162®, is used as a pigment under 

the name of “Indian yellow”. It is found in the urine of Indian cattle which 
have been fed on the leaves of Mangifera indica {v. Kostanecki, Ber. 19, 2918). 
Hydrolysis gives euxanthone, Ci 3 Hg 04 , a yellow compound m.p. 237®, identi¬ 
fied as 3: 6 -dihydroxy-xanthone {Bcteyer, Ann. 166, 2bl; Oraebe, Ber. 22,1405), 
and glucuronic acid, {Spiegel, Ber. 16,1964; Baeyer, loc. cit.). Euxan¬ 

thone has been synthesised from j5-reaorcylic acid and hydroquinone-carboxylic 
acid {Oraebe, loc. cit.), and from 2-chloro-6-raethoxy-benzoic acid and hydro- 
quinone monomethyl ether {Ullmann and Panchavd, Ann. 360, 108). Indian 
yellow itself has been synthesised from euxanthone and acetobromo-glucuronic 
acid lactone {Neuherg and Neimann, Z, physiol. Chem. 44, 116). The position 
of the glucose residue in the molecule follows from the hydrolysis of the penta- 
methyl ether, m.p. 168®, to 3-hydroxy-6-methoxyxanthone, C 14 H 10 O 4 , m.p. 
236®, and glucuronic acid trimcthyl ether (i^ofterteow and Waters, J. 1931,1709). 

Gentisin, C 14 H 10 O 5 , a sulphur-yellow compound, decomp. > 260®, the 
2 -monomethyl ether of gentisein ( 2 : 4 : 6 -trihydroxyxanthone, CigHgOg), an 
orange-yellow substance of m.p. 318®, triacetate m.p. 226®; see v. Kostanecki 
and Tambor, Mo. 16, 1; Hlasiwetz and Ilabermann, Ann. 176, 63; 180, 343; 
Shinoda, J. 1927, 1983), is found in gentian root {Oentiana lutea). It is pre¬ 
pared in a similar way to euxanthone, from phloroglucinol and hydroquinone- 
carboxylic acid {v. Kostanecki and Tambor, Mo. 16, 1). 

The yellow colouring matter citromycetln U)» C 14 H 10 O 7 • 2 HgO, m.p. 286® 
(diacetate m.p. 224®; dimethyl ether methyl ester m.p. 178®), from cultures 
of species of Citromyces, can be decarboxylated to citromycin, C 13 H 10 O 5 , 
m.p, 290® (diacetate m.p. 222®); potash fusion of the dimethyl ether of the 
latter converts it into 3-hydroxy-6:7-dimethoxy-2-methyl-benzo-y-pyrone 
(II), m.p. 180®, and 3-hydroxy-6:6-diracthoxy-phthalic acid (III), m.p. 182®. 
With HI the latter yields 2:4: 6 -trihydroxy-benzoic acid, m.p. 209®, which 
on rapid heating gives hydroxy-hydroquinone, m.p. 140'6®. These reactions, 
which show the constitution of the greater part of the molecule of the pigment, 
can bo expressed by the following formulae {Hetherington and Baisirick, 
Phil. Trans. 220 (1931) B, 1); 


HOOC X 


® „„ COOH 




Mangostin (I), C 28 H 24 O 3 , m.p. 181®, the yellow colouring matter of the skin 
of the fruit of Oarcinia mangostana, contains two olefinic double bonds (tetra- 
bromide; tetrahydro-compound m.p. 161®), three phenolic hydroxyls (tri- 
methyl ether m.p. 100 ®; triacetate m.p. 116®), and one methoxyl group; two 
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of its oxygen atoms show no characteristic reactions and must be present as 
ether links {Dragendorffy Ann. 482, 280). The following fragments of a side- 
chain were isolated from the products of fusion with KOH or treatment with 
alcoholic KOH: acetic acid, isoamyl alcohol, isovaleric acid and methylheptenol 
(idem, ibid.). Permanganate oxidation and ozonolysis yielded acetone and 
a-hydroxy-isobutyric acid, while tetrahydromangostin gave isocaproic acid 
(idem, Ann. 487, 62). The other alkali fission products of mangostin are 
phloroglucinol (see II), CgHgOj, m.p. 215° {YamashirOy Bull. Chem. Soc. 
Japan 7 (1932), 1), a phenol CigHigOg, which has been identified as 1-amylenyl- 
2-methoxy-3:5-dihydroxybenzene (see II) {Murakamiy Proc. Imp. Acad. 
Tokyo 7 (1931), 264), and a yellow compound CigHigO*, m.p. 212®, the 
chemical character, stability and colour reactions of which indicate that 
it is a xanthone derivative (III). The formation of these various compounds 
leads to formula (I) for mangostin {Murakamiy Ann. 496, 122): 

CsH, 

0^ ^C—CH==C(CH 3 ), 





OH 


HOl 




II 

-I- 

OH HOI 




^OCHg 

OH 



This receives further confirmation from the permanganate oxidation of 
mangostin dimethyl ether to the neutral compound (IV), C 26 H 3 oOio» m.p. 
226° (containing 6 active H-atoms, and 3 OCHg), of mangostin trimethyl 
ether to the keto-acid (V), CjsHjgOio, m.p. 240° (oxime decomp 100°), and 
of a cetyl-mangostin dimethyl ether to the hydroxy-acid (VI), C 22 H 2 eOii, 
m.p. 123° (lactone m.p. 199°): 



OH OH OH 
C*-CH—C(CH 3)2 


OH 

CH,0 I 

V 


COOH OH 
\h—CO—C lCHg)* 


CHgOl 


%/\ 






OCHg 


HOOC OH OH OH 



H- 


-icH3)2 


0 
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The orange-yellow hydrochloride (decoinp. 167®) of xnangostin dimethyl ether, 
025H2g0e, must be regarded as the oxonium compound (VII); with Na 
ethoxide it 3 delds the corresponding colourless ethoxy derivative (VIII), 
m.p. 168®, which with CHsMgl undergoes ring closure to methyl-dihydro- 
mangostin dimethyl ether (IX), CjeHasOj, m.p. 141®; the latter is also colour¬ 
less {Murakami, Proc. Imp. Acad. Tokyo 7 (1931), 311). 





BrasUin (I), C 1 JH 14 O 5 , is the colouring matter of Brazilian, Pernambuco 
or red wood from Caeaalpinia brasiliensis. It crystallises in white needles 
with 1^/2 mol. of water, and its solution in alkali absorbs oxygon from the 
air and becomes bright carmine red. Addition of acids to this solution precipi¬ 
tates brasilein, CjjHijOg'HgO, *which is also formed by the action of iodine 
upon brasilin; it can be reconverted into brasilin by reduction, best of its 
acetyl compound (cf. Herzig and Poliak, Ber. 86, 3961; Mo. 26, 871). Brasil¬ 
ein is thus related to brasilin as a dyestuff is to its leuco-compound. Brasilin 
forms mono-, di-, tri- and tetra-alkyl ethers {Schall, Ber. 27, 624; Herzig, 
Mo. 16, 139; 16, 906), while brasilein gives, besides the normal di- and tri- 
alkyl ethers, tri- and tetra-alkyl brasileinol by the addition of one mol. of 
water {Engels, Perkin and Robinson, J. 93, 1116). Distillation of brasilin 
gives a large amount of resorcinol (cf. haematoxylin). If a current of air 
is passed into a strongly alkaline solution of brasilin for some time, 3:7- 
dihydroxy-y-chromone, C 9 H 2 O 4 , is formed {Pfeiffer and Oberlin, Ber. 
67, 208). The oxidation of trimethyl-brasilin, CieHioO(OH)( 00113 ) 3 , m.p. 
140®, with KMn 04 yields various acids, in particular, 6-mothoxy-2-carboxy- 

phenoxyacetic acid, (CH 80 )C 3 H 3 { , 4:6-dimethoxy-2-carb- 

f CH 'COOH 

oxy-phenylacetic acid, (CH 30 )aC 3 H 2 < COOH * m-hemipinio acid. 


(CHaO) 2 C 3 H 2 (COOH) 2 , brasiUcacid, (CH 30 )C,H 3 


jOCHa 


IV 


Ico--/ 


^(0H).CH2C00H, 


and braailinio acid, (CH,0)C,H,|3o^^^OCH ),.COOH • synthesis of 
brasilinic acid was of ^eat importance in establishing the structure of brasilin: 
it was first obtained by condensing m-hemipinio anhydride with m-methoxy- 
phenoxy-acetio ester by means of AICI 3 {Perkin and Robinson, Proc. 28 
(1907), 291: 24 (1908), 64; J. 98, 489), and later from veratroyl chloride and 
methoxy-phenoxypropionio ester {Rdy, Siloqja and Wadha, J. Indian Chem. 
Soo. 10 (1938), 617). The dehy^ation product of brasilio acid, anhydro- 
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brasilic acid, Ci 2 Hio 05 , has also been synthesized {Perkin and Rohirtaon^ 
loc. cit.)* Oxidation of trimethyl-brasilin with chromic acid gives a ketone, 
trimethyl-brasilone (II), Ci^HigO*, which is converted by nitric acid into nitro- 
hydroxy-dihydro-trimethyl-brasilone, Ci,Hi 207 {N 0 a); this by continued 
treatment with alkali gives mcthoxy-salicylic acid, (CH 30 )CaH 8 ( 0 H)C 00 H, 
and nitro-homoveratrol, OaN-CaHa-CHJOCHglg. Trimethyl-brasilone is 
readily dehydrated into trimethyl-anhydro-brasilone (III), CiaHnOj, which 
behaves in every respect like a derivative of /?-naphthol: it couples with 
diazonium solutions to give azo-dyes, and with HNO 3 it gives a nitro-com- 
pound, from which by reduction followed by oxidation an ortho-quinone, 
corresponding to ^-naphthaquinone, can be obtained: this is trimethoxy- 
a-brasan-quinone, C 19 H 14 O 3 {Perkin and Robinson^ J. 95, 381). With HI or 
cone. H 2 SO 4 trimethyl-brasilone undergoes isomeric change, apparently into 
derivatives of /3)S-phenylene-naphthylene-oxide (brasane) {Perkin, J. 81, 
1008; V. Kostanecki and Paul, Ber. 85, 2609; v. Koatanecki and Lloyd, Ber. 
86, 2193; Herzig and Poliak, Ber. 87, 631; Mo. 28, 166). Reduction of tri¬ 
methyl-brasilone with phenylhydrazine yields trimethyl-anhydro-brasilin 
(IV); catalytic reduction converts the latter into trimethyl-desoxy-brasilin 
(trimethyl-dihydro-anhydro-brasilin), which with Cr 03 is oxidised Iback into 
trimethyl-brasilone (II) {Perkin, R.dy and Robinson, J. 1926, 941; 1927, 
2094; 1928, 1604; Pfeiffer, Angern, Haack and Willems, Ber. 61, 839, 1923); 


Ho/y^XcH, 


[CH ,01 
CH,o/ 


n Y- 

CO 


'C_—^ 

OH (5h 


[CH 3 O] Q 


IV 


CH30I 


\CH, 




OCH, OCH. 



[CH,0] 0 

CH.nY\Y \ 



OHjOj^yH 


VI 

^CO 


c/ \CH, 


OCH, 


CH^~ 




Trimethyl-anhydro-brasilin has been synthesised in the following way; 
resorcinol monomethyl ether and ^-chlorpropionic acid give 7-methoxy- 
chromanone, which can be condensed with vanillin methyl ether to 3-(3';4^-di- 
methoxy-benzal)-7-mothoxy-chroman-4-one. This compound, after reduction, 
can be dehydrated and cyclised with P 2 O 5 to trimethyl-anhydro-brasilin 
{Pfeiffer and Oberlin, Ber. 60, 2142; cf. Pfeiffer and Wilhma, Ber. 62, 1243). 

Trimethyl-brasilone is reduced by Na amalgam to trimethyl-alio brasilin 
(V), CisHaoOg, a-form m.p. 136-136®, /J-form m.p. 143-6o, which can be de¬ 
graded to 2 -( 2 '-hy<lroxy- 4 '-methoxy-benzyl)- 4 ; 6 -dimethoxy-benzoic acid, 
m.p. 222-224® (methyl ester m.p. 169®) (see Pfeiffer and Schneider, J. pr. 
140, 9). 

On the basis of the results which have been described and because of the 
formation of 3 : 7 -dihydroxy-y-chromone (see above) in the atmospheric 
oxidation of alkaline brasilin, and of the oxidation of trimethyl-desoxy- 
brasilin to the quinone (VI), Ci 7 Hx 406 , red needles of m.p. 241® (together 
with trimethyl-brasilone), the followiilg formula has been attributed to the 
quinonoid colouring matters brasilein and haematein (hydroxy-brasilein, 
see below) (idem, ibid. 144, 64): 
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Haematoxylin C, 8 Hi 40 g- 3 H 20 (hydroxy-brasilin), is found in logwood 
or Campeachy wood, the heartwood of Haematoxylon cam'pechianum. It 
forms yellowish crystals, with a sweet taste, and dissolves in alkali to give 
a violet-blue solution. The logwood dyeing industry is based upon the 
production of dark-blue shades by means of iron and chromium lakes. When 
an ammoniacal solution of haematoxylin is allowed to stand in the air, haem- 
atein-ammonia, CijHii(NH 4 )Oj, is formed, from which acetic acid precipitates 
the free haematein, as a red-brown substance, which after drying 

has a metallic lustre {Erdmann and Schultz^ Ann. 216, 236). Haematoxylin 
gives penta-alkyl ethers and a penta-acetyl-compound. Distillation or fusion 
with potash yields pyrogallol {Meyer, Bcr. 36, 1661), and atmospheric 
oxidation of an alkaline solution gives 3:7:8-trihydroxy-y-chromone {Pfeiffer, 
Oherlin and Konermann, Bor. 68, 1947; cf. brasilin). Oxidation of tetra- 
methyl-haematoxylin with KMn 04 gives acids which are analogous to those 
obtained from trimothyl-brasilin, e.g. dimcthoxy-j)henoxy-acetic-o-carb- 

oxylic acid, (CH 30 ) 2 CjH 2 , m-hemipinic acid and hacma- 

toxylinic acid, corresponding to brasilinic acid (see p. 464). In the same way 
oxidation of tetramethyl-haematoxylin with CrOg gives tetramethyl-haema- 
toxylone [II], which corresponds to trimethyl-brasilono, and gives analogous 
degradation products {Perkin, J. 81, 1067; v. Kostanecki and Rost, Ber. 
36, 2202). Further the corresponding transformations of tetramethyl- 
haematoxylone into tetramethyl-anhydro-haematoxylone [III], tetramethyl- 
anhydro-haematoxylin [IV], and tetramethyl-desoxy-haematoxylin are also 
known {Pfeiffer, Angern, Haack and Willems, Bcr. 61, 839). Haematoxylin 
[I] differs, therefore, from brasilin (I) only in the presence of a hydroxyl 
group in one benzene ring. The synthesis of tetramethyl-anhydro-haema- 
toxylin from pyrogallol-1:2-dimethyl ether, jff-chlorpropionic acid and vanillin 
methyl ether has been carried out in a way similar to that used for the corre¬ 
sponding brasilin derivative {Pfeiffer, Haack and Willems, Ber. 61, 294). 

f) NITROGENOUS HETEROCYCLIC NATURAL COLOURING 
MATTERS 

The class of the 

Pyrrole Colouring Matters ^ 

includes the very important respiratory and oxidation catalysts 
(blood pigment, cytochrome, catalase and peroxidase), the blood 
pigments of several marine animals (chlorocruorin, haemocyanin 
and the ascidian pigments), the natural porphyrins (ooporphyrin, 
uroporphyrin, coproporphyrin and conchoporphyrin), the pyr- 
romethene pigments (the bile pigment bilirubin, the uteroverdin 

^ The formulae in this paragraph are those above with the addition of 
the substituent shown in square brackets. 

* H. Fischer and H, Orth, Die Chemie des Pyrrols. Leipzig, Vol. I, 1934; 
Vol. n, 1937. 
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of dogs’ placentae, stercobilin and copronigrin from faeces, the 
shell-pigment of birds’ eggs oocyan, the bacterial pigment 
prodigiosin, and the chromoproteids of red algae), and finally the 
green assimilating pigments of plants, chlorophyll a and b. 

Haemoglobin has a molecular weight of 69,000 (see v. Mvizenbecher, 

Z. angew. Chem. 44, 121; ZeilCf Biochem. Z. 268, 347; Svedberg and 
Eriksson-Quenself Am. 66, 1700), and its non-protein component, 
which is the prosthetic group and has a red colour, is haemin, 
^ 34 ^ 32 ^ 4 ^ 4 ^®^! (formula I, p. 458). The constitution of this com¬ 
pound has been determined by analytical degradation and by synthesis, 
as a result of the experience gained in the study of the natural 
porphyrins (see p. 461) and the biologically related bile pigments 
(see p. 463). 

For the preparation of the purest haemoglobin solutions by electro-dialysis, 
see Ettisch and Oroacurth, Biochem. Z. 266, 441. 

The natural blood pigment is derived from the halogen-free haemo- 
chromogen, C 34 H 3404 N 4 Fe, which is sensitive to oxygen and contains labile 
divalent iron; the crystalline haemin (I), C 34 H 3204 N 4 FeCl (with trivalent 
iron), the ionised chlorine atom of which can be replaced by OH with the 
formation of haematin, C 34 H 3204 N 4 Fe 0 H, is formed by a secondary reaction 
in the treatment of the protein with NaCl-acetic acid {Nemckiy Ber. 29, 2877; 
Kuster and FuchSy Ber. 40, 2021; Willstdtter and Pfannenstiely Ann. 358, 213). 

That the oxygen atoms are present as carboxyl groups is established by the 
formation of a dimethyl ester, m.p. 262® {Kustery Z. physiol. Chem. 82, 113). 

Two vinyl groups can bo saturated by catalytic reduction with Pd-Hg to 
give mesohaemin, C 34 H 3304 N 4 FeCl {Fischer and Rosey ibid. 01, 181; Fischer 
and Putzery ibid. 164, 39). 

Treatment of haemin and its nearest derivatives with Hl-acetic acid 
{Zaleskiy ibid. 43, 11; Nencki and Zaleskiy Ber. 34, 997), or, better, with 
HCOOH + Pe {Willstdtter and Fischery Z. physiol. Chem. 87, 423; Fischer 
and Putzery ibid. 164, 39), leads to the removal of the Fe atom, and this 
process can be reversed {Willstdtter and Fischery ibid. 87, 482; Fischer and 
Putzery ibid. 164, 57; Fischery Treibs and ZeilCy ibid. 196, 1; Treibsy ibid. 

212, 26). Such treatment leads to the porphyrins, which are distinguished 
by a characteristic absorption spectrum and are widely distributed in the 
plant and animal kingdoms (see p. 461). Haemin itself gives protoporphyrin, 
C 34 H 34 O 4 N 4 (dimethyl ester m.p. 228®). The iron is also removed when the 
blood pigment is allowed to putrefy for a short time {Kammerer^s porphyriUy 
see Fischer and Schnellery ibid. 130, 316; 136, 268; Fischery Kammcrer and 
Kuhnery ibid. 139, 108; Fischer and Lindnery ibid. 146, 203); the action of 
bacteria for several months in a solution which is alkaline with sodium 
carbonate brings about complete removal of the unsaturated side-chains, with 
the formation of deuteroporphyriny CS 0 H 30 O 4 N 4 (dimethyl ester m.p. 220 ®), 
the structure of which is shown by its oxidation (idem, ibid. 161, 18) to 
citraconimide (formula VII, p. 468) and haematinic acid, and by its synthesis 
{Fischer and Kirstahler, Ann. 466, 178). When the iron is removed by HBr- 4 
acetic acid, the elements of water are added to both vinyl groups to give # 
haermtoporphyrin C34H38O3N4 (dimethyl ester dimethyl ether m.p. 166®; 
synthesis: Fischer and ZeUCy Ann. 468, 98); this reaction can bo reversed, 
and protoporphyrin and haemin obtained from hacmatoporphyrin {Fischer 
and Lindner, Z. physiol. Chem. 142, 141). Gentle action of HI upon haemin 
removes the iron, and also brings about a reduction which is analogous to 
that of haemin into mesohaemin, mesoporphyrin, C 34 H 88 O 4 N 4 , being formed 
(dimethyl ester m.p. 217®). Further reduction of the latter with Na amalgam 
removes the uninterrupted conjugation of the double bonds of the porphin 
nucleus, which, is the cause of the colour, and gives the colourless mesopor- 
ph 3 n:inogen, CJ 4 H 44 O 4 N 4 , which contains “true” pyrrole nuclei. 
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For the synthesis of isomeric mesoporphyrins, see Fischer and Kirrmann, 
Ann. 476, 266. 

The decarboxylation of mesoporphyrin ( WiUstdtter and Fischer, Z. physiol. 
Chem. 87, 423) gives the fundamental substance of haemin, aetioporphyrin 
III (formula II), C 82 H 88 N 4 , decomp. 336® ( 1 :3:6:8-tetramethyl-2:4:6:7- 
tetraethyl-porphin; cf. also chlorophyll-aetioporphyrins, p. 468). 




The complete reduction of the blood pigment with HI-acetic acid {Fischer 
and Barthohmdus, Ber. 46, 467, 1980; Fischer and Eismayer, Ber. 47, 1820) 
finally yields the simple units of the structure, haemopyrrole (I), phyllo- 
pyrrole (II), opsopyrrole (III) and cryptopyrrole (IV), together with their 
carboxylic acids {Piloty, Ann. 866 , 237; Fischer and Treiha, Ann. 450, 132; 
Fischer and Bartholomdus, Ber. 46, 1316; Piloty and Dormann, ibid. 2692; 
Fischer and Rose, Ber. 47,. 791), but if the molecule is broken down with 
methylating agents, the only product is phyllopyrrole and its carboxylic 
acids (idem, Z. physiol. Chem. 87, 39). Oxidation of haemin gives two mole¬ 
cules of haematinic acid (V), from the acid pyrrole nuclei, while mesoporphy¬ 
rin, with the basic pyrrole nuclei stabilised by saturation of the side-chains, 
also gives two molecules of methyl-ethyl-maleinimide (VI) (see Kiister, 
Ber. 86 , 2948; 40, 2017). 
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The determination of the molecular weight of haemin {Fischer and Hahn, 
Ber. 46, 2308), and the yield of pyrrole derivatives obtained from its fission, 
point to a complex formula with four pyrrole nuclei. H, Fischer and his school 
were able to build up the porphin skeleton from synthetic pyrrole bases via 
the corresponding methenes. The porphyrins so obtained agree perfectlv 
in their absorption spectra with the natural iron-free pigments and witn 
the compounds prepared from haemin and its derivatives by removal of the 
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iron. The earlier constitutional formulae proposed (cf. pyrrindole formula, 
Piloty and Dormann, Ann. 888, 313; Piloty and Stock, Ann. 892, 216; tetra- 
indolyl-complex formula, Nencki and ZaUaki, Ber. 84, 997; tetrapyrryl- 
ethylene, Willatdtter, Ber. 47, 2863; Fischer and Belter, Ann. 444, 238; di- 
pyrryl-methene complex salt, Fischer and Schvbert, Ber. 68, 1202; tetra- 
p^ryl-methene, Fischer and Scheyer, Ann. 489, 186) have therefore been 
discarded, and that first proposed by W, Kiister (Z. physiol. Chem. 82, 463) 
has been firmly established by the synthetical work of H. Fischer (with 
Zeile, Ann. 468, 106). After the positions of the substituents on the porphin 
nucleus had been proved by the S3mthesis of mesoporphyrin {Fischer and 
Slangier, Ann. 469, 66), the way to the synthesis of protoporphyrin and 
hence ofhaemin became clear {Fischer and Zeile, Ann. 468, dS; Fischer, Treiba 
and Zeile, Z. physiol. Chem. 198, 138; Fischer, N. 17, 616). 

The catalytic action of haemin in the oxidation of various biologically 
important classes of substances is of great interest (lipoids, see Kuhn and 
Meyer, Z. physiol. Chem. 186,193; Kuhn and Braun, Ber. 69, 2370; Robinson, 
Biochem. J. 18, 266; protein components, see Harrison, Biochem. J. 18, 1009; 
Bergel and Bolz, Z. physiol. Chem. 216, 33; Warburg and Brefeld, Biochem. 
Z. 146, 461; Warburg, Ber. 68,1001; carbohydrates, see Warburg and Christian, 
Biochem. Z. 288, 131; v. Euler, Fink and Hellstrdm, Z. physiol. Chem. 169,10). 
Its action as a peroxidase is weaker than that of haemoglobin. 

The iron-containing pigment of haemoglobin can form compounds with 
certain gases (Oj) which dissociate easily (oxyhaemoglobin, see Nencki and 
Sieber, Ber. 19, 128; Haurountz, Z. physiol. Chem. 186, 147), and this pro¬ 
perty enables it to carry oxygen in the organism from the lungs to the sites 
of oxidation, and to carry off the combustion product (CO^) back to the 
respiratory organs. The poisonous action of carbon monoxide and nitrous 
fumes is due to the displacement of the oxygen in these compounds, since 
haemoglobin can form similar compounds with CO and nitrous fumes 
(carboxy-haemoglobin, nitroxy-haemoglobin), which are more stable and 
decomposed only by the action of light. Oxyhaemoglobin has a peroxidase 
action {Willstatter and PoUinger, ibid. 180, 281; Bach and KuUjugin, Biochem. 
Z. 167, 227). 

Under certain conditions the oxidation of oxyhaemoglobin {Haurowitz, 
Z. physiol. Chem. 194, 98) and of haemoglobin {Denes, Biochem. Z. 228, 481; 
Warburg and Kubowitz, ibid. 227, 184; Warburg, Kubowitz and Christian, 
ibid. 288, 240; Schuler, ibid. 266, 474; Clark and Pickett, Am. 62, 466) gives 
methaemoglobin, which has one atom of oxygen more than haemoglobin 
and contains iron in the trivalent state. For the equilibrium between haemo¬ 
globin, methaemoglobin and oxyhaemoglobin, see Heubner and Rhode, 
Arch. exp. Path. 100 (1923), 117; Ferry, J. Biol. Chem. 69, 296. 

Experiments by Warburg with methylene blue, the oxidation of which 
is used as a model of respiration, have indicated that methaemoglobin is 
the oxygen donor in the process ( Warburg, Kubowitz and Christian, Biochem. 
Z. 221, 494; 227, 246; Michadis and Salomon, ibid. 284, 107; Warburg and 
Christian, ibid. 288, 131): 

Haemoglobin (Fe") —> Methaemoglobin (Fe )-► Haemoglobin 

+ pigment + leuco-compound 

1:__I 

atmosphonc oxygen 

Very great biological importance attaches to the group of haemin- 
enzymes, cytochrome, the oxygen-carrier of respiration, catalase 
and peroxidase, which are compounds closely related in structure 
to haemin. 

Cytochrome^ discovered by MacMunn in 1886, is found in the tissues of 
numerous organs (brain, heart, kidney, liver etc., see Bierich, Roaenbohm 
and Kalle, Z. physiol. Chem. 164, 207; Hohnes, Biochem. J. 24 (1930), 914), 
in glands (thymus, thyroid, see BierieK, Rosenbohm and KaUe, loc. cit.), in 
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the tissue of tumours {Bierich and Rosenhohm, Z. physiol. Chem. 156, 249), 
in yeast {Keilin, Proc. Roy. Soc. B 98, 312; 104, 206), and in bacteria (Yaoi 
and Tamiya, Proc. Imp. Acad. Tokyo 4 (1928), 436), etc. 

This enzyme which, like the oxygen-carrying enzyme of Warburg, takes 
part in the respiration of animal and plant cells {v. Euler, Nilsson and 
Runekjelm, Z. physiol. Chem. 169, 123; Keilin, loc. cit.; Tamiya and Tanaka, 
Acta phytochimica 5 (1930), 167), consists of three haemochromogen com¬ 
ponents {Fischer and Hilmer, Z. physiol. Chem. 168, 196; v. Euler and Fink, 
ibid. 164, 69; Fischer and Schwerdtel, ibid. 175, 248; Bierich and Eosenbohm, 
ibid. 184, 246; v. Euler and Hellstrbm, ibid. 190, 189). 

Synthetic products obtained by adding nitrogenous bases to the vinyl 
groups of protoporphyrin have a spectrum which is identical with the compon¬ 
ent C of cytochrome {Zeile, ibid. 207, 35; Zeile and Piutti, ibid. 218, 62). 
By the reduction of its porphyrin component into mesoporphyrin-ester it 
is proved to be of the aetioporphyrin III type (see p. 458; Zeile and Reuter, 
ibid. 221, 201). 

For a spectroscopic method of distinguishing between the most important 
cultures of yeast, based upon their cytochrome content, see Firik, ibid. 
210, 197. 

The oxygen-carrying respiratory ferment of Warburg, which is present, 
not only in the organisms of the higher animals (heart muscle), but also 
in bacteria (acetic and azoto bacteria), in fungi (yeast), and in plants (potato), 
is distinguished from the accompanying cytochrome, not merely by the 
position of its absorption bands (Warburg and Negelein, Biochem. Z. 202, 202; 
Warburg and Kubowitz, ibid. 208, 96; Warburg and Negelein, ibid. 204, 495), 
but also by its special affinity for oxygen, by the formation of an inactive 
CO-compound which is sensitive to light {Warburg, N. 15, 646; 16, 346, 856; 
Negelein and Oerischer, N. 21, 884), and by the fact that its action is poisoned 
by HCW {Alt, Biochem. Z. 221, 498). The molecular weight of the enzyme 
is of the order of 60,000 {Svedberg and Eriksson, N. 21, 330). 

The significance of the respiratory enzyme lies in its activation of the 
oxygen necessary for cell-respiration. The process which takes place in 
aerobic systems is as follows {Warburg, Negelein and Baas, ibid. 266, 1; 
Haas, N. 22, 207): 

02-> Ferro -> Ferri —>-Ferro —> Ferri . Substrate 

(oxygen-carrying ferment) (cytochrome, shortest wavelength 

component) 

The prosthetic group of the Warburg ferment is most closely related 
chemically to those haemins which seem to have two colours and which 
appear green or red according to the thickness of the layer (e.g. phaeoporphyrin, 
phaeohaemin); they are reduction products of chlorophyll and oxidation 
products of the blood pigment. The intermediate position of this substance, 
which has been shown experimentally with the closely related spirographis- 
haemin (p. 461), is an important argument in favour of the common origin 
of haemin and chlorophyll ( Warburg, Z. angew. Chem. 46, 1). 

Catalase, a substance widely distributed in animal and plant tissues 
{Issajev, Z. physiol. Chem. 42,102; 44, 646; v. Euler and Josephson, Ann. 452, 
168; 455, 1), has the important function of destroying the hydrogen peroxide 
formed in the cells by dehydrogenation processes {Wieland, Ber. 55, 3639); 
its activity for this purpose is about 1000 times greater than that of colloidal 
Pt or of haemin {Kuhn and Brann, Ber. 59, 2370). After reduction it shows 
the haemochromogen spectrum {Zeile and HeUstrom, Z. physiol. Chem. 192, 
171; Zeile, ibid. 195, 39). Carbon monoxide is a specific poison for the 
enzyme {Califano, N. 22, 249). 

The elementary particle of this enzyme appears from its velocity of 
diffusion to possess the dimensions of a haemoglobin molecule {Zeile, Biochem. 
Z. 258, 347; Stem, Z. physiol. Chem. 217, 237). ^ 

Catalase systems can be prepared artificially and the combiiyition haemin- 
catalase-piperazine has by far the largest activity (idem, ibid. 219, 106), 
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Peroxidase, prepared from horse-radish and StoU, Ann. 416, 21; 

Willstdtterf Ann. 422, 47; WilUtdtter and PolUnger, Ann. 480, 290), plays 
a part in the oxidation processes in the plant organism, and, like cytochrome 
and catalase, is poisoned by CO, HCN, hydrazine, etc. {Elliott and Sutter, 
Z. physiol. Chem. 206, 47; Wieland and Sutter, Ber. 61, 1060). Spectroscopic 
investigation shows that it is a catalyst of the haemin class {Kuhn, Hand 
and Fkyrkin, N. 10, 771; Z. physiol. Chem. 201, 266). Its activity as a 
peroxidising agent is usually measured in terms of the quantity of the red 
colouring matter purpurogallin which it produces from pyrogallol (see p. 425). 

The haemoglobins from the warm and cold blooded land animals 
yield the same haemin, but the blood pigments of some marine 
animals are different from this in composition. 

Chlorocruorin is a green colouring matter w hich contains protein and occurs 
in the blood of many annelids {Spirographis); from it there can be obtained 
the substance spirographis-haemln, C 33 H 30 OBN 4 P 0 CI. This contains two 
carboxyl groups and an aldehyde group which forms an oxime {Griffiths, 
C. r. 114, 1277; Warhurg and Negelein, Biochem. Z. 202, 202; 214, 64; 
227, 171; 244, 9, 239; Fox, Nature 130, 92). When oxidised with atmospheric 
oxygen, it gives a green substance similar to chlorophyll {Warburg, Z. 
angew. Chem. 45, 1; Warhurg and Negelein, ibid. 360). In its prosthetic 
porphyrin, which is derived from aetioporphyrin III, a vinyl group can be 
detected by the action of diazoacetic ester. According to the results of 
Fischer and v. See.mann, spirographis-haemin should be formulated as haemin 
(cf. p. 468) in which the vinyl group on pyrrole nucleus I has been degraded 
to an aldehyde group (Z. angew. Chem. 49, 461). 

The blue blood of crustaceae, molluscs {Helix, Busy con. Octopus, Loligo) 
and cephalopods {Lxmulus, Homarus) contains hacmocyanin, in which a 
copper-containing pigment hacmocupriu is combined with protein {Hemler 
and Philippi, Z. physiol. Chem. 191, 23, 28; Schmitr, ibid. 194, 232; 196, 71; 
Hernler and Philippi, ibid. 216, 110). The molecular size of the chromo- 
proteid from Octopus vulgaris has been shown to be of the order of 2,000,000 
from results with the ultra-centrifuge {v. Mutzenbecher, Z. angew. Chem. 44, 
121; Karrer, ibid. 46,3 7; Svedberg and Hetroth, Am. 51, 639; Svedberg and 
Erikson, Nature 180, 434; Am. 64, 4730; Svedberg, N. 22, 225). 

Hacmocyanin, in which the copper is in the cuprous state, needs vigorous 
oxidising agents, such as KMn 04 , to convert it into methacmocyanin, which 
contains divalent copper; the latter can be reduced again with K 4 Fe(CN) 3 . 
In the presence of atmospheric oxygen it forms oxyhacmocyanin or oxy- 
methaemocyanin, and both of these oxidation-reduction sj^stems are 
distinguished by a high potential {Conant, Chow and Schocnbach, J. Biol. 
Chem. 101, 463). 

The brown ascidian-pigment from the blood corpuscles of Ascidia mentuUi, 
PhaUusia mannillata, contains about 10% of vanadium {Henze, Z. physiol. 
Chem. 72, 494; 79, 216; 86 , 340). The chromogen, in w^hich the metal is 
divalent (idem, ibid. 218, 126), possibly serves for the assimilation of carbon 
dioxide which is used for the formation of the “tunicin”; this is a kind of 
cellulose and is the material of which the skeleton of the animal is constructed 
{Zechmeister and Toth, ibid. 215, 267). 

Porphyrins are often encountered in the animal kingdom, e.g. in 
the young organism (embryos, skeleton of young mammals), under 
pathological conditions (cf. uro- and copro-porphyrin), in the Harderian 
gland of rodents, in hedgehog bristles, as pigment of the feathers 
(turacin) and the eggs (ooporphyrin) of birds, and as the pigment 
of mussel shells (conchoporphyrin). In vertebrates the porphyrins 
seem to be formed mai^y in the bone-marrow (Fischer, Ber. 60, 
2629); they are also found in the plant kingdom and in fungi (yeast). 
Mesoporphyrin and its decarboxylation product meso-aetioporphyrin 
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are contained in small quantities in oil shale and asphalts, and in 
mineral oils, together with porphyrins of vegetable origin (see under 
chlorophyll, p. 471). 

They produce sensitising effects in the organism, as in the case 
of paramaecia {Infusoria) (Fischer and v, Kemnitz^ Z. physiol. Chem. 
96, 309; Fischer, ibid. 97, 109), and in porphyria cause an increase 
in the oxygen used (Oaffron, N. 13, 859; Biochem. Z. 179, 158); they 
also influence the contractibility of muscle (Klin. Woch. 1927, no. 14). 
For the sensitivity of rats to light after the administration of haemato- 
porphyrin (Nencki) and its behaviour in the animal body, see 
Uutschenreuter, Z. physiol. Chem. 222, 161. * 

For their isolation and separation, the method of ether-HCl fraction¬ 
ation of Willstdtter has proved to be of great value (cf. chlorophyll). 
Porphyrins can be recognised by their characteristic band spectra 
(cf. Treibs, Ann. 476, 1) and their pn-fluorescence curves are also 
useful for distinguishing between them (Fink, N. 17, 388; Fink and 
Weber, N. 18, l^\Fink, Biochem. Z. 211, 65; Mayer, Z. physiol. Chem. 
177, 48; Fink and Hoerburger, ibid. 202, 8; 218, 181; 220, 123). 
The m.ps. of their methyl esters are important constants for purposes 
of comparison. Because of their large molecular weights it is often 
difficult to determine accurately the number of hydrogen atoms in 
the molecule by ordinary methods; in such cases measurement of 
the heat of combustion is useful (Stem and Klebs, Ann. 506, 295). 

While haemin is derived from aetioporph 5 nrin III (cf. also chlorophyll), 
most of the natural porphyrins are derived from aetioporph 5 n’in I. 

Ooporphyrln, C 34 H 32 O 4 N 4 (dimethyl ester m.p. 228®), which is found in 
the spotted egg-shells of various birds, e.g. seagulls and plovers (Fischer, 
Z. physiol. Chem. 97, 168; Fischer and Kogl, ibid. 181, 241; 188, 262; Fischer 
and Lindner, ibid. 142, 142; Fischer and Muller, ibid. 166), is identified as 
protoporphyrin (Kammercr’s porphyrin) by its conversion into meso- and 
haemato-porphyrin and into haemin. 

Under pathological conditions, e.g. in porphyria (Fischer and co-workers, 
ibid. 160, 44), animal ochronosis (Fink, ibid. 197, 193; Fink and Hoerherger, 
ibid. 202, 8), and in many cases of poisoning (e.g. by sulphonal, lead com¬ 
pounds), the organism produces in particular uroporphyrin, C 4 oH 380 ieN 4 
(formula below, = CHj *011(00011)2; octamethyl ester m.p. 293®; see 
NebeUhau, ibid. 27, 324; Fischer, ibid. 96, 34; 98, 78; Fischer and Hilger, 
ibid. 140, 231) and coproporphyrin I, C 33 H 38 O 8 N 4 (formula below, 

Si^=CH 2 CH 2 COOH; tetramethyl ester m.p. 260®, see Fischer, ibid. 96, 148; 
98, 14; synthesis: Fischer and Treibs, Ann. 460, 132; Fischer and Andersag, 
Ann. 468, 139; Fischer and co-workers, Ann. 466, 147). 

Coproporphyrin also occurs in yeast (Fischer and Schneller, ibid. 186, 263; 
Fischer and Hilger, ibid. 188, 66 ; Fischer and Fink, ibid. 144, 101; 160, 244) 
and in plants (Fischer and Schwerdtel, ibid. 169, 120). 
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Coproporphyrin is oxidised exclusively to haematinio acid (formula V, 
p. 468); on reduction it gives no pyrrole bases, but only haemo-p 3 rrrole- 
carboxylic acids. The evidence that these two porphyrins have the structure 
shown in the formula above comes from experiments both of degradation 
and of synthesis; their close relationship is shown by the partial de¬ 
carboxylation of uroporphyrin into coproporphjrrin I {Fischer^ Z. physiol. 
Chem. 97, 116; Fischer and Zerweck, ibid. 187, 242; Fischer and Hilger, 
ibid. 149, 66) and the conversion of both into aetioporphyrin I (1;3;6:7- 
tetramethyl-2:4:6:8-tetraethyl-porphin), m.p. 394® {Fischer and Hilger^ 
ibid. 140, 223). 

Turacin, C 4 oH 8 jOigN 4 Cu, the red pigment from the wing feathers of the 
African bird Turacus, has been recognised as the copper sail of uroporphyrin 
(idem, ibid. 138, 49, 66). 

An isomer of coproporphyrin, coproporph 3 ^in III (l:3:6:8-tetramethyl- 
porphin-2:4;6:7-tetra-propionic acid; methyl ester m.p. 146® or 172®) has 
also been observed in cases of porphyria {Hijmans and Bergh, C. 1929 II 2686; 
synthesis: Fischer^ Platz and Morgenrothy Z. physiol. Chem. 182, 266; Fischer 
and HiemeiSy ibid. 196, 166; Fischer and Riedly Ann. 482, 216). 

The occurrence of porphyrins such as conchoporphyrin, C 37 H 38 O 10 N 4 
(formula above, Si=CH 2 *CH*(COOH) 2 , S 2 _ 4 =CH 2 CH 2 COOH; pentamethyl 
ester m.p. 273®; degradation to coproporphyrin I, see Fischer and Jordan, 
Z. physiol. Chem. 190, 76) and uroporphyrin {Fischer and Haarery ibid. 
204, 101) in mussel-shells {Pteria radiata)y apparently in the form of their 
calcium salts, is of interest. 

An appreciable amount of the blood pigment is decomposed in 
the organism, principally in the spleen {London and Kryzarumskaja, 
ibid. 227, 229), the iron being eliminated and the porphin ring opened. 
The a-methine carbon atom of the haemin is also lost, and there 
is formed the yellowish-red bile-pigment bilirubin (haematoidin), 
(dimethyl ester of the enol-form m.p. 205®, of the keto- 
form, m.p. 169®, see Kiistery ibid. 141, 40) (Fischer, ibid. 73, 216; 
Fischer and Reirldely ibid. 127, 299); Siedel and Fischer, ibid. 214,145): 


CH2 



Bilirubin (S == CHg-CHa-COOH). 


The pigment is carried by the bile into the intestine whore it suffers bacterial 
reduction to mesobilirubinogen (urobilinogen), C 38 H 440 eN 4 , m.p. 197—200® (see 
Fischer, ibid. 78, 222; Fischer and Meyer, ibid. 75, 342; Fischer and Niemann, 
ibid. 127, 326; 187, 307): 


CH 3 C 2 H 5 CH 3 S S CH 3 CH 3 C 2 H 3 



Mesobilirubinogen 


This compound in the normal way is ejected in the faeces, together with 
another reduction product, stercobihn (see p. 466); in liver diseases, however, 
it occurs in large quantities in the urine {Fischer and Meyer-Betz, ibid. 75, 
232), where by the action of oxygen it is at once oxidised to urobilin 
(synthesis: Sieded and Meier, ibid. 242, 101). 
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When the reduction process is imitated with Na amalgam as reducing 
agent, a yellow intermediate stage, dihydro-mesobilirubin, m.p. 278—284®, 
can hie isolated {Fischer and Baumgartner, ibid. 216, 260): 


CH 3 C 2 H 3 CH 3 S S CH, CH 3 C 2 H 5 



The pyrrole nature of the original bile-pigment was shown much earlier 
by the oxidation to haematinic acid (I) {Kuster, ibid. 69, 63; Ber. 36, 1268) 
and of the tetrahydro-compound, mesobilirubin, to methyl-ethyl-malein- 
imido (II), together with haematinic acid {Piloty and Thannhauser, Ann. 890, 
191^; this established at the same time the existence of its vinyl groups, as 
ill haemin. The end nucleus IV of the pyrrole chain was obtained by re¬ 
duction with HI as haemopyrrole (III), and by the action of nitrous acid 
as the so-called ‘‘nitrite body” (IV) (the Gmelin reaction) {Fischer and Hess, 
Z. physiol. Chem. 194, 195, 207): 


CH 3 C 2 H 4 COOH CH 3 C 3 H 5 CH 3 C 2 H 5 CH, 


1 ' 1 


III 

IV 

CO CO 
\]sr/ 

H 

CO CO 
\^/ 

H 

H 

H 3 C. 11 , 

H 


The absence of an absorption spectrum with four bands excludes the 
possibility that the pyrrole nuclei of the bile pigments are united in a porphin 
ring as in the porphyrins. At the same time th^e compounds cannot bo given 
the structure of tetrapyrryl-ethylenes, because of the Gmelin reaction with 
nitrous acid. Detailed investigation of mesobilirubin settled the question of 
the constitution in favour of that of an unbranched chain of pyrrole components. 

The degradation of mesobilirubin by fusion with resorcinol or by treat¬ 
ment with potassium methoxide led to a mixture of the following four acids, 
the constitutions of which have been established by synthesis {Fischer and 
Hess, ibid. 194, 195; Fischer and Adler, ibid. 200, 213; Fischer, Toshioka 
and Hartmann, ibid. 212, 146; Siedel and Fischer, ibid. 214, 145), and by 
fission to known mono-nuclear pyrrole derivatives {Fischer and Rose, ibid. 
89, 256; Ber. 46, 1581; 3274; Piloty and Thannhauser, Ann. 390, 191): 


CH_C 2 H 5 CH 3 S S CH 3 CH 3 C 2 H 5 


- 0 



Hol j=CH—1 ,lcH, 

\n/ ’ 

+ 


H 


H 

Xanthobilirubic acid 


Iso-neo-xanthobilirubic acid 

C 17 H 22 O 3 N 2 , m.p. 290® (methyl 


C 16 H 20 O 3 N 2 , m.p. 242® (methyl 

ester m.p. 212 ®) 


ester m.p. 206®) 

CH, S 


S CH, CH, CJI, 

hoQ-chJ[^/ 

- 1 - 


H 


H 


Neo-xanthobilirubic acid Iso-xanthobilirubic acid 

CigHgoOgNa, m.p. 246® (methyl C 17 H 28 O 3 N 2 , m.p. 289® (methyl 

ester m.p. 174® * ester m.p. 198®). 
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Xanthobilirubic acid and neo-xantbobilinibic acid are reduced by HI to 


CH, C aHs CH 3 S 


H H 

Bilirubic acid 
C 17 H 24 O 8 N 2 , m.p. 188® 


CHa C 2H5 CH2 S 



Neo-bilirubic acid 
^18R22^3^2» IU*P* 179® 


which can be obtained as the main product in the direct reduction of the 
bile pigment, and have been prepared synthetically {Fischer and AdW, 
Z. physiol. Chem. 197, 237). 

When neo-xanthobilirubic acid had been synthesised (idem, ibid. 200, 213; 
Fischer and Siedel, ibid. 214, 145), it was possible to attempt the synthesis 
of a compound of symmetrical structure of the mesobilirubin type (mesobili- 
rubin Ilia); condensation of 2 mol. of neo-xanthobilirubic acid with 1 mol. 
of formaldehyde gave an isomer of mesobilirubin which showed remarkable 
similarity in its properties with those of the mesobilirubin from the bile 
pigment {Fischer and Hess, ibid. 194, 203; Fischer and Adler, ibid. 200, 209). 

For the synthesis of coprobUinibin^ C 36 H 40 O 10 N 4 , m.p. 292® (tetramethyl 
ester dihydrochloride m.p. 200®), which is derived from coproporphyrin IV, 
and is based upon aetioporphyrin IV, see idem, ibid. 210, 139. 

Uteroverdin, C 33 H 34 O 8 N 4 (dimethyl ester, m.p. 209®), the green colouring 
matter of dogs’ placentae {Lemberg and Barcroft, Proc. Roy. Soc. B 110, 362), 
is known by spectroscopic analysis and by its conversion into bilirubic acid 
(see above) with HI-acetic acid to be similar to the bile pigments {Lemberg, 
Ann. 499, 26). It is formed when bilirubin is dehydrogenated with ferric 
chloride in acetic acid, and is hence held to be dehydro-bilirubin (idem, ibid.; 
Siedel and Fischer, Z. physiol. Chem. 214, 157): 


CH2 


S CHa CH, 


HOl 



=CH— 

V J 

—CH= 

V 

—CH= 


J 


Uteroverdin 


Normal and pathological faeces contain, in addition to the coproporphyrin 
already mentioned, the optically active stercobilin, C 33 H 48 O 8 N 4 , m.p. 236®, 
which is degraded by oxidation to haematinic acid and gives the same 
reduction products as bilirubin {Watson, ibid. 204, 67; 208, 101; 221, 146; 
Fischer and Halbach, ibid. 238, 69; Si^l and Meier, ibid. 242, 101), and 
also copronigrin, C 42 H 6 BO 14 N 8 . 

The blue-green pigment of many egg-shells, oocyan, (dimethyl ester 
C 28 H 8 iOeN 3 , m.p. 234®), which is a tripyrrene, also belongs to the bile pigment 
series {Fischer and Lindner, ibid. 146, 216; Lemberg, Ann. 488, 74). It gives 
the Omelin reaction. 

The red pigment from cultures of Bacillus prodigiosus {Oorbach, C. 1930 I 
1484), prodigiosin, C 20 H 26 ON 8 , forms leaflets with a metallic lustre, and 
its zinc complex salt, (C 2 oH 240 N 8 ) 2 Zn, m.p. 176®, and the perchlorate, 
C 2 oH 250 N 8 *HC 104 , crystallise readily. The compound can be characterised 
as a tripyrryl-methene derivative by its absorption spectrum and by the 
properties of its Zn salt. The presence of one mothoxyl has been shown 
by the method of Zeisel, and a Zerevitinoff estimation gives two reactive 
Iiydrogen atoms {Wrede and Hettche, Ber. 62, 2678). Distillation of the 
pigment with soda-lime yields 2-methyl-3-n-amyl-pyrrole, C^oH^N (from 

Bichter-Anschtltz il. 30 
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ring I) {Wrede^ Z. physiol. Chem. 210, 126; Wrede and Rothhms, ibid. 226, 96); 
oxidation with HjOg gives methoxy-maleinimide, C 5 H 5 O 3 N, m.p. 169® (from 
ring II) (idem, ibid. 216, 67). When reduced catalytically with Pd-charcoal, 
it takes up 14 H; the oxidation of the product with KMn 04 in acid solution 
gives the pyrrolidine derivative, CjoH 2 iN, which corresponds to the above 
pyrrole, a-pyrrolidine-carboxylic acid, oxamic acid and succinic acid; the 
presence of the latter, and the formation of maleinimide (with methoxy- 
maleinimide) in the chromic acid oxidation of prodigiosin itself, shows the 
presence of an unsubstitituted pyrrole nucleus (III) in the molecule of the 
pigment. These results lead to the following formula for prodigiosin {Wrede 
and RothhaaSy ibid. 219, 267; 222, 203; 226, 95): 


H3C.(CH2)4. 




HaCOj- 

II 


-c 


n/ 

H / 

HN III 

Prodigiosin 




The red algae, Nori and Ceramiumy contain the chromoproteids phyco- 
erythrin and phycocyan, the molecular weights of which, according to 
sedimentation experiments, are of the order of 200,000 {Svedberg and Katsuraiy 
Am. 51, 3673; Svedberg Eriksson, Am. 54, 3998). Removal of the protein 
component yields the pigments phycoerythobilin and phycocyanobilin, which 
are closely related to the bile pigments {Kylin, Z. physiol. Chem. 69, 169; 
83, 171; 197, 1; Boresch, Biochem. Z. 119, 167; Lemberg, ibid. 219, 266; 
Ann. 461, 46; 477, 195). The mutual relationship of the pigments and their 
reversible conversion into bilirubin derivatives of known constitution is 
shown in the following scheme {Lemberg and Bader, N. 21, 206; Lemberg, 
Ann. 506, 161): 


Dehydro-mesobilirubin (green). 
(Glaucobilin) 


FeCI, 


Mesobilirubin (yellow) 


KOH 


Mesobilicyanin (blue) 




^ (Phycocyanobilin) 


Fed, 


^ Mesobilierythrin (red) 
' (Phy coery throbilin) 




150' 




Mesobilirubinogen 


It is interesting to notice that the algae pigments belong to the meso 
type in which two of the pyrrole nuclei carry ethyl substituents, a type 
to which chlorophyll (see p. 467) also belongs, while the animal pigments, 
haemin (p. 457) and bilirubin (p. 463), contain two pyrrole nuclei in which 
a vinyl group is a substituent. 

The pigment of the alga RKodymenia palmata is oxidised to the following 
two fission products, which are like those obtained from pyrrole pigments 
{Levene and Schormiiller, J. Biol. Chem. 98 (1931), 671): 


C3H3 CaH^-COOH 

(So lo 


C»H, C,H4.C00H 

c==c 

(SoOH (SoOH ’ 
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Rufescin^ the red pigment of the mussel, Haliotis rufescens, can be con¬ 
verted by HCl, via haliotirubin, into haliotiverdin and halioticyanin, which 
are very similar to the bile pigments bilieyanin and urobilin. Reduction 
with Na amalgam gives a hydro-compound which is related spectroscopically 
to hydrobilirubin {DhM and Baumeler, C. 1930 IT 418). 

Chlorophyll 

The green colouring matter of leaves, chlorophyll, has been con¬ 
sidered briefly in vol. I, p. 752; recently, however, considerable 
progress has been made in the investigation of this important 
pigment, so that it seems necessary to summarise the results obtained. 

Natural chlorophyll consists of two waxy organic pigments each 
of which contains four pyrrole nuclei and also magnesium. Both 
are esters of a dicarboxylic acid with methyl alcohol and phytol 
(C 20 H 4 QO, see vol. I): 

Chlorophyll a: C 54 H„N 405 Mg or (C 32 H 8 oON 4 Mg)COOCHs-COOC 2 oH 39 

Chlorophyll b: C 64 H,oN 403 Mg or (C 32 H 2802 N 4 Mg)COOCH 3 • COOC 20 H 33 

The ratio of the two pigments in the leaves of almost all terrestrial 
and aquatic plants is about 3:1. They were separated by Willstdtter 
by their differing solubilities in petroleum ether and aqueous methanol 
(Willstdtter and Stoll, Ann. 387, 317; Willstdtter and Isler, Ann. 3d0, 
269; Stoll and Wiederrmnn, Helv. 16, 739), and can also be separated 
by selective adsorption on clay and other coUoids (Tswett, Ber. deut. 
bot. Ges. 24, 234, 316, 384; Ber. 41, 1352; 43, 3139; 44, 1124), or, 
better, on cane sugar (Winterstein and Stein, Z. physiol. Chem. 230, 
263). With the Mg-free pigments the separation can also be carried 
out by the ether-hydrochloric acid method because of their different 
basicities (Willstdtter and Mieg, Anm. 350, 1 ; Willstdtter and Isler, 
Ann. 380, 154). 

Mild fermcntativeJfydrolysis of the chlorophylls in aqueous acetone by 
the enzyme chloropEyllase which is contained in the leaves (Borodin, Bot. 
Z. 40, 608; Willstdtter and Benz, Ann. 358, 267; Willstatter and 8toU, 
Ann. 378, 18) leads to a loss of phytol, and gives the crystalline 
ehlorophyllides a C 32 H 3 oON 4 Mg. COOCHp-COOH (b similarly). In methyl 
alcohol, on the other hand, esterification to the corresponding dimethyl 
esters takes place, and the methyl-ehlorophyllides a and b are obtained. 
Mild action of alkali hydrolyses the methyl ester groups, with the formation 
of the free dicarboxylic acids, the chlorophyUins: a C 3 aH 3 QON 4 Mg(COOH) 2 , 
and b. 

Dilute mineral acids at first eliminate the magnesium* (Willstatter and 
Fritzsche, Ann. 371, 33), forming the phaeophytins, 

a C 32 H 380 N 4 .COOCH 3 -COOC 2 oH 33 , and b C 32 H 3 o 08 N 4 -COOCH 3 .COOC 2 oH 33 , 
while cone. HCl hydrolyses the esterified carboxyls one after the other. 
Thus the elimination of phytol gives phaeophorbide a, 

C82H32ON4.COOCH3.COOH* 


^ For a more detailed discussion of the constitution, see Linstead, Ann. 
Rep. Chem. Soc. 1935, 369; 1937, 375. 

* This can be reintroduced by the action of ROMgBr (obtained from 
R'OH and a Grignard compound) in presence of Mg; cf. partial synthesis 
of chlorophyllide a from phaeophorbide a (Fischer and Spielberger, Ann. 
610, 166). ^ ^ 

« Chlorophyll a can be degraded to this stage in the organism of the 
silk-worm (Bombyx mori) (Fischer and Hendschel, Z. physiol. Chem. 222, 260). 

30 * 
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(b analogous) {Willstdtter and Hocheder, Ann. 864, 205; Fischer and Bdumler, 
Ann. 474, 69; Fischer, Moldenhauer and Siis, Ann. 48B, 166; Fischer and 
Siebel, Ann. 499, 84; StoU and Wiedemann, Helv. 16, 183); with methyl 
alcoholic HCl the phytol residue is exchanged for methyl with the formation 
of methyl-phaeophorbide a, C32H320N4(C00CHa)2 (b analogous). The action 
of methyl alcoholic potash on the phaeophorbides hydrolyses off the methyl 
groups, and also sets free a further carboxyl group; in this way, chlorophyll 
a gives the olive-green tricarboxylic acid, phytochlorin e, C 84 H 33 O 3 N 4 
(trimethyl ester m.p. 263®), and chlorophyll b gives the red phytorhodin g, 
C 84 H 34 O 7 N 4 (trimethyl ester m.p. 238®) (cf. Fischer, Hendschel and Niissler, 
Ann. 606, 83). 

The oxidative degradation {Willstatter and Asahina, Ann. 878, 227) 
and the reductive fission (idem, Ann. 886 , 188) of chlorophyll deri¬ 
vatives gave the first indication that the molecule was built up of pyrrole 
nuclei. 

Further insight was obtained by investigating the 'phyllins and 'por¬ 
phyrins, which are important compounds obtained by the energetic 
action of alkali ethoxide on chlorophyll at a high temperature. The 
constitution of these substances was elucidated by the fundamental work 
of H. Fischer, A, Treihs and their co-workers. In this reaction chlorophyll 
a yields; 

Phylloporphyrin; C 32 H 33 O 2 N 4 (previously C 81 H 34 O 2 N 4 ), 

Pyrroporphyrin: C 81 H 34 O 2 N 4 , two monocarboxylic acids, 

Rhodoporphyrin: C 32 H 34 O 4 N 4 , 

Verdoporphyrin: € 32113204 ^ 4 , dicarboxylic acids {Treihs and 
Wiedemann, Ann. 471, 146). 

Phyllo- and pyrroporphyrin contain a free CH-group in one pyrrole nucleus 
of the porphin skeleton, since oxidation of the brominated porphyrins leads 
to bromocitraconimide {Treihs and Wiedemann, Ann. 466, 278, 284). In 
rhodoporphyrin this free methine group is substituted by COOH; the 
decarboxylation of rhodoporphyrin to pyrroporphyrin is a conclusive proof 
of this close relationship. Phyllo- and pyrroporphyrin are converted by 
distillation with soda-lime into the oxygen-free phyllo-aetioporphyrin, 
C„H 33 N 4 , m.p. 263®, and pyrro-aetioporphyrin, C 3 QH 34 N 4 , m.p. 284® (Cu salt 
m.p. 251®) {Willstatter and Fischer, Ann. 400, 182; Fischer and Treihs, 
Ann. 466, 188). Both of these substances have been synthesised {Fischer 
and Helberger, Ann. 480, 236; Fischer and Schormuller, Ann. 478, 211; 
Fischer, Berg and SchormiUler, Ann. 480, 109). 

The determination of the constitution of pyrroporphyrin was of consider¬ 
able importance in the next stage, since a knowledge of its skeleton gives 
the arrangement of the side-chains in the porphin nucleus of chlorophyll. 
This object was achieved essentially in two different directions; 1 . by the 
general porphin synthesis of 1; 3:5; 8 -tetramethyl-2; 4-diethyl-porphin- 
7-propionic acid, which was identical with the pyrroporphyrin obtained 
from chlorophyll; and 2 . by the introduction of a second propionic acid 
residue into the free methine group of pyrroporphyrin, which yielded the 
mesoporphyrin prepared from the blood pigment, haemin, i.e. 1 ; 3 ;' 6 ; 8 - 
tetramethyl-2:4-diethyl-porphin-6;7-dipropionic acid {Fischer and Riedl, 
Ann. 486, 178). By this means, H. Fischer and his school showed that the 
arrangement of the side-chains in the porphin skeleton of the porphyrins 
derived from chlorophyll (pyrro- and rhodoporphyrin) is the same as that 
in haemin, which is derived from aetioporphyrin III (see p. 458). The same 
holds true for phylloporphyrin, a homologue of p 3 rrroporphyrin and easily 
converted into it by Na methoxide; the constitution of this has been 
shown by sjmthesis to be l;3:5:8-tetramethyl-2:4-diethyl-y-methyl- 
porphin-7-propionic acid {Fischer and Helberger, Ann. 470, 236; Fischer, 
aiedel and d'Ennequin, Ann. ,600, 137). 
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X —H: Pyrroporphyrin C 31 H 34 O 2 N 4 (methyl ester m.p. 238®; synthesis 
Ann. 473, 211; 480, 109; 482, 232). 

X —CHj: Phylloporphyrin C 32 Hg 30 jN 4 (methyl ester m.p. 230®; synthesis 
Ann. 480, 236; 500, 137). 

* if in place of H, COOH Rhodoporphyrin C 32 H 34 O 4 (dimethyl ester m.p. 
269®; synthesis Ann. 480, 109). 

Verdoporphyrin, C 32 H 32 O 4 N 4 (dimethyl ester m.p. 280®, see Treibs and 
Herrleiriy Ann. 606, 1), contains two hydrogen atoms less than rhodo¬ 
porphyrin. 


The degradation of chlorophyll by means of alkali ethoxide to these 
porphjrrins is a very vigorous way of attacking the molecule, as is shown 
by the loss of carbon atoms which takes place. Cunsequcntly this method 
of settling the arrangement of the porphin nucleus and of the side-chains in 
the original substance is not entirely free from objection. It was at this 
stage that phylloerythrin, C 38 H 34 O 8 N 4 , a biological degradation product 
which had been known for a long time, gave considerable insight into 
the porphin skeleton upon which chlorophyll is based. Phylloerythrin is 
formed from chlorophyll in the third and fourth stomachs of ruminants 
{Rothemund and Inman, Am. 64, 4702), and can be isolated from them or 
from the faeces {Marchlewski, Z. physiol. Chem. 43, 464; Ooldmann, Helper 
and Marchlewski, ibid. 46, 176), and alkali degradation in the presence of 
oxygen converts it, like chlorophyll, into a mixture of phyllo-, pyrro- and 
rhodo-porphyrins {Fischer, Ann. 602, 187). By the action of HI-acetic acid, 
Fischer was able to obtain from chlorophyll artificially the so-called 
phaeoporphyrins, which are very similar in their spectra to phylloerythrin, 
and contain the porphin skeleton of chlorophyll essentially intact. For 
these reasons, phylloerythrin and the phaeoporphyrins were compounds of 
the greatest interest for further investigation. A fact which deserves special 
notice is that the most important of the phaeoporphyrins, known in the 
literature as phaeoporphyrin ag, C84H84O5N4 {Fischer and Sus, Ann. 482, 226; 
Fischer, Moldenhauer ana Stis, Ann. 486, 1; 486, 107), can be decarboxylated 
to phylloerythrin, C88H84O8N4 {Fischer, Filser, Hagert and Moldenhauer, 
Ann. 490, 1), which shows the close connection between the artificial and 
the biological degradation products {Fischer and Riedmair, Ann. 490, 91; 
499, 288). The synthesis and properties of the phaeoporphyrins and of 
phylloerythrin (idem, ibid.) prove that an isocyclic five-mombered ring 
containing a keto-group is an essential constituent of the porphin skeleton 
of chlorophyll; this ring unites C atom 6 (see pyrroporphyrin formula above) 
to the y-methine C atom, by means of two carbon atoms in phylloerythrin, 
and by a branched chain of three carbon atoms in phaeoporphyrin ag. 
Phaeoporphyrin ag and phylloerythrin are therefore represent^ by the 
following formulae: 
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The isocyclic ring is readily opened by hydrolysis; this reversible reaction leads 
to the chloroporphyrins, which are closely related to the haemin porphyrins 
in their absorption spectra. The action of 30% methyl alcoholic potash 
converts phaeoporphyrin partly into rhodoporphyrin (above), in which nothing 
remains of the isocyclic ring save the carboxyl group (see formula, p. 469). 

If phaeoporphyrin a^ contains exactly the same porphin skeleton as 
natural chlorophyll, its known monomethyl ester must be identical with 
phaeophorbide (see p. 467). Actually, they show quite different absorption 
spectra; phaeoporphyrin ag has the typical two-banded spectrum of the 
porphyrins, while phaeophorbide has the multi-banded spectrum which is 
peculiar to chlorophyll (main band in the red). This discrepancy is due 
to the presence of a vinyl group, which can be detected with diazomcthano, 
in ring I of the porphin skeleton of the original chlorophyll (Fischer and 
Medick, Ann. 517, 246; Fischer and Hasenkamp, Ann. 619, 42). This is 
shown in the following formula; the distribution of the alcohol residues on 
the two COOH groups, and the conversion of phaeoporphyrin ag mono¬ 
methyl ester into phylloerythrin (cf. above), is in agreement with the known 
fact that car borne thoxy-groups attached to a secondary carbon atom are 
in general more difficult to hydrolyse (Fischer and Kellermann, Ann. 619, 217; 
Fischer and Stem, Ann. 620, 91). The only part of the formula which is 
in any doubt is below the line a b. 





tlhlorophyll b is one oxygen atom richer than the a-component; this O 
^tom is probably present as a formyl group, and its formula is probably 
that shown above with CHO instead of CHg on nucleus II (Fischer and 
Breitrier, Ann. 610, 183; 611, 183; 622, 161). 

Chlorophyll is the catalyst for the process which is fundamental 
in plant life, the synthesis of carbohydrates from water and carbon 
dioidde under the influence of sunlight (Baeyer, Ber. 3, 63). 
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Since experiment shows that the fundamental ratio 


CO 2 absorbed 
Oo evolved 


is equal to unity (the so-called assimilatory coefficient: WilhtdUer 
and Stoll'y Ber. 60, 1777), the only theoretical possibility is that 
formaldehyde is the intermediate in this synthetic process, and this 
compound can, in fact, be detected with the aid of “dimedone” 
(see p. 112) or urea. The process of assimilation with the chlorophyll 
molecule can be represented, in a modified form of Willstatter’s 
scheme, as follows (R. Willstdtter and A» Stolly Untersuchungen fiber 
die Assimilation der Kohlensaure, Springer, Berlin 1918; K. Shibatay 
Kohlenstoff- und Stickstoffassimilation, Iwanami, Tokyo 1931): 



This is in agreement with energy considerations (see Warburg and 
Negeleiriy Z. physik. Chem. 106, 191) which require the absorption 
of four light quanta for the reduction of theCOg, and with the repression 
of the second, enzymatic portion of the process (and hence the 
separation of the oxygen) by poisoning the catalase with hydroxyl- 
amine {Shibata and Yakushijiy N. 21, 267). 

Oxygen is known to have the power of extinguishing the fluor¬ 
escence, and hence must be regarded as the direct carrier of the light 
energy absorbed by the chlorophyll in assimilation (Kautskyy 
Hirsch and Davidshofery Ber. 66, 1762). The easy dehydrogenation 
of chlorophyll indicates that it may have a function simfiar to that of 
glutathione (Fischery Siis and KlebSy Ann. 490, 38; Fischer and Siebely 
Ann. 499, 84). 

Activated carbon dioxide acts as acceptor for the H atoms of the 
reduced stages of chlorophyll (Stoll, N. 20, 955). For the possibility 
of the occurrence of a mono-dehydro-chlorophyll as an intermediate in 
the photo-reduction of carbon dioxide, see Willstdtter, N. 21, 252. For 
the reversible hydrogenation of chlorophylls to brown leucochlorophylls 
with Zn in p 5 n'idine, see Kuhn and Winterstein, Ber. 66, 1741. 

A certain amount of light is thrown on the question of the origin 
of technically important minerals, such as oil shale, asphalt, and 
the petroleum waxes and oils by the fact that there have been found 
in these minerals, even in those of the oldest geological formations, 
decomposition products of chlorophyll, such as desoxo-phyUoerythrin, 
C3sH3g02N4 (methyl ester, m.p. 264®), the synthetic intermediate of 
phylloerythrin, and desoxo-phylloerythro-aetioporphyrin, together 
with porphyrins which are derived from haemin. This fact seems 
to indicate that plants containing chlorophyll were partly responsible 
for the formation of bitumen and petroleum, and the preponderance 
of the chlorophyll porphjrins may indicate that they played the 

f ost important part (TreibSy Ann. 609, 103; 610, 42). 

Bacterio-chlorophyll (bacteriochlorin). The sulphur-free purple bacteria 
contain a pigment which is closely related to chlorophyll, and probably has 
a photosynthetic function (Noack and Schneidery N. 21, 836; Schneider, 
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Z. physiol. Chem. 226, 221). It is derived from chlorophyll a (cf. formula 
p. 470) by replacement of the CHjiCH group on ring I by a CH3.CO group 
{Fischer and Hasenkamp, Ann. 515, 148). 


Indole Colouring Matters 


Indigo (I), CieHioOgNj, which occurs as indican (the glucoside of indoxyl), 
CgHeON *03111106 (see p. 377), in Indigofera tinctoria, Isatis tinctoria. Poly¬ 
gonum tinctorium, etc., and also as the sulphonic acid, CgHgON^SOgH, 
chiefly in the urine of herbivorous animals, is dealt with in vol. IV. 


/V-COx .NH-i/S 



The purple ol the ancients (6:6'-dibromo-indigo, II), CnHgOjjNaBrg, is 
formed by the action of light upon the glandular secretions of the shell-fish 
Murex hrandaria (see Friedldnder, Mo. 28, 991). It can be synthesised by 
the following methods: from p-brom-anthranilic acid and chloracetic acid 
(idem, Ber. 42, 765), by the oxidation of 6-brom-indole-3-carboxylic acid 
with ozone {Majima and Kotake, Ber. 68, 2237), and by the condensation 
of 4-brom-2-nitro-benzaldehyde with acetone {Pottig, J. pr. 142, 36). 

Haliotis-indigo, the blue shell pigment of the shell-fish Haliotis cali- 
fomiensis^ is allotted to the indigo series because of its absorption spectrum 
and its dyeing properties {Schulz and Becker^ Biochem. Z. 236, 99; Lembergy 
Z. physiol, Chem. 200, 173; Schulz and Beckery ibid. 203, 167). 

Hallachrome^ CqH, 04 N, the red skin pigment of Halkt parthenopaea 
(annelids), has been proved to be the 6:6-quinono of 2:3-dihydro-indole- 
2-carboxylic acid (I) {Mazza and Stolfiy Arch. Scienze biol. 16 (1931), 183). 
The compound, which is also observed as an intermediate in the formation 
of melanin (the so-called “red compound” of the tyrosinase-tyrosine reaction, 
see below), acts as an accelerator of respiration, corresponding to its 
character as a reversible biological oxidation-reduction system {SterUy 
N. 21, 360; Friedheimy Biochem. Z. 259, 276). 

The distillation of the pigment with soda-lime in a stream of hydrogen 
yields pyrroline, giving at once an indication of the presence of a heterocyclic 
ring. Oxidation with H 2 O 2 destroys the carbocyclic ring and gives pyrrole- 
2:4:6-tricarboxylic acid (II); treatment with sulphurous acid and mcthylation 
gives 6:6-dimethoxy-indole-2-carboxylic acid (III), CiiHii 04 N, m.p. 202® 
(decomp.), and 6:6-dimethoxy-indole, CioHnOgN: 


HOOC 



CH,o/ 
!H Meth^CHaO' 

\::ooH 



COOH 


The melanins are widely distributed in nature. The colour of the hair 
(Tadokoro and Ugamiy J. Biochem. 12 (1930), 187), of the skin {Connory 
Amer. J. Pathol. 4 (1928), 293) and of the eyes {Waelschy Z. physiol. Chem. 
213, 36) of the higher animals is due to the presence of such pigments. They 
also occur in the so-called melanotic tumours {AdUry Biochhm. Z. 217, 324) 
and in the urine {Medes and Berglund, Proc. Soc. Exp. Biol. Med. 25 (1928), 
636); the pigments which appear under pathological conditions, in the 
so-called human ochronosis, are also melanins {Fink, Z. physiol. Chem. 197, 
193, note 1). The colour of the cocoons of the chrysalis of several butterflies 
and leafwasps is due to melanin {Przibram, C. 1926 1 2092). It is also 
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found in cultures of Azotobacter chroococcum, etc. {Rippel and Ludwig, 
Zentr. Bakt. 64 (1926), II, 161; Lhyd and Johnston, J. Roy. Tech. Coll. 2, 
(1930), 346), and in many plants, such as the broom, the broad bean and 
the horse-chestnut, and in fruits {Schmalfuss and Barthmeyer, Biochem. 
Z. 190, 424). The dark colour which develops in potatoes by the natural 
death of the cells, and on freezing or heating and by the action of narcotics 
or infections, is due to the appearance of melanins {Boas and Merkenschlager, 
Biochem. Z. 156, 197). 

The formation of melanin in animal and plant organisms has its origin 
in the enzymatic oxidation of the tjrrosine of the protein by tyrosinase 
{Schmalfuss, N. 16, 463; Raper, Biochem. J. 21 (1927), 89; Bloch, Amer. 
J. Med. Sci. 177, 609; Friedheim, N. 21, 177), and it takes place with the 
intermediate formation of the “red compound” (see above, hallachrome): 



HO 

HO 


0 “ 


CH 

II 

C—COOH 


H 


IH,—CH—COOH 



CH—COOH 


H 

“red compound” 

Ho/\- 

H 


Melanin. 


Tyramine {Dulik,re and Raper, Biochem. J. 24 (1930), 239) and adrenalin 
{StefI, C. r. Soc. Biol. 108 (1931), 986; Heard and Raper, Biochem. J. 27 
(1933), 36) can also serve as starting materials for the biochemical synthesis 
of melanin. 

The following is a summary of the experimental facts upon which this 
scheme of reactions is based. When tyrosine is irradiated in the presence 
of oxygen with light of wave-length 320—310 mfi, which lies in its absorption 
region, it turns deep brown and loses one molecule of COg. It is this same 
region of the spectrum which has such a characteristic action on the skin 
{Friedheim, N. 21, 177). The formation of melanin from tyrosine and 
tryptophan by boiling them with sugar and HCl is hindered by stannous 
chloride {Norita, Bull. Agri. Chcm. Soc. Japan 6 (1930), 23). Introduction 
of methyl groups into the ring of an aromatic amino-acid also checks the 
formation of the pigment {Schmalfuss and Peschke, Ber. 62, 2691). In fishes, 
indole, skatole, a-methylindole and tyrosine increase the formation of dark 
pigments {Comini, Arch, di Fisiol. 23 (1926), 247). Subcutaneous injection 
of ailrenalin-black causes melanodermia and melanuria {Saccardi, Lincei 
( 6 ) 9 (1929), 1114). Ultra-violet light and X-rays accelerate the synthesis 
of the pigment {Hance, Science 66 (1927), 363; Lignac, C. 1930 I 1821). 


Naturally occurring 

Phenazine Colouring Matters 

have been found so far only in bacteria. 

Pyocyanin^ C 13 H 10 ON 2 {picrate decomp. 190®), is the blue pigment of 
Bacillus pyocyaneus. Oxidation with HgOj yields formic acid and 1 -hydroxy- 
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phenazine (II), C^HgONa, m.p. 168®, and the latter is also obtained, 
together with methyl iodide, by Zeisel's method ( Wrede and Strode, Z. physiol. 
Chem. 140, 1; 142, 103; 181, 68 ). Catalytic hydrogenation gives 1-hydroxy- 
N-methyldihydro-phenazine (III). Pyocyanin has been synthesised by 
methylating 1 -hydroxy-phenazine (idem. ibid. 177, 177; 181, 74; Ber. 62, 
2061). These facts led to the view that the pyocyanin molecule is made 
up of two molecules of 1 -hydroxy-N-methyl-dihydrophenazine united together 
with the loss of 4 H ( Wrede and Strode, Z. physiol. Chem. 140, * 1; 142, 
103; 181, 68 ). It is, however, impossible to construct a formula for such 
a compound which does not contravene the usual valency rules for the 
elements, and potentiometric titration shows that the pyocyanin molecule 
is an oxidation product of only one molecule of the dihydrophenazine 
(Friedheim and Michaelis, J. Biol. Chem. 91 (1931), 366; Elema, Rec. 60, 
807; Michaelis and Roll, Am. 66 , 1492). Hence pyocyanin is the quinonoid 
compound (I) derived from the dihydrophenazine by the loss of 2 H. 



In the bacterial organism, pyocyanin acts as a respiratory enzyme, for 
it can cause the conversion of oxyhaemoglobin and haemoglobin into 
methaeglobin {Stem, N. 21, 360). It also accelerates the respiration of the 
colourless bacteria, and acts in a non-specific manner {Friedheim, J. exp. 
Med. 64 (1931), 207). 

Chlororaphin, (I), CggHjoOgNg, m.p. 226—230® decomp., the green metabolism 
product of Bacillus chlororaphis, has been shown to be a quinhydrone-liko 
compound of phenazine-a-carboxylic amide (II) and its dihydro-compound 
(IV). Atmospheric oxidation of the pigment leads to the yellow oxy- 
chlororaphin (II), C 13 H 9 ON 3 , m.p. 241®, which has been identified by its 
hydrolysis to ammonia and phenazine-a-carboxylic acid (III), CiaHgOgNg, 
m.p. 237®, and by its synthesis (see below). Chlororaphin and oxy-chloro- 
raphin are converted by reduction into the orange-yellow dihydro-phenazine 
a-carboxylic amide (IV), CjaHnONa, m.p. 194®. The complete synthesis 
of chlororaphin from nitrobenzene and anthranilic acid is carried out as 
follows {Kogl and Postowsky, Ann. 480, 280): 



COOH COOH 

H,n/\ koh \/\ 

(III) 


N CONH, 
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The quinhydrone structure of the pigment is established beyond doubt 
by its partial synthesis from the two components (II) and (IV); (see Kogl 
and TbnniSy Ann. 497, 266; Clemo and Mcllwainy J. 1985, 738). 

Yiolacein, C42H360 ,Nb, a violet dyestuff, decomp. > 360® {aceMte^ red-brown 
needles, decomp. > 300®), is obtained from Chromohacterium violaceum {Koql 
and Tdnww, Ann. 266, 276; Wrede and Rothhaaa, Z. physiol. Chem. 223,113). 

Alloxazine Colouring Matters 

The lyochromes or flavins are yellow to yellowish-red pigments with a 
strong yellowish-green fluorescence, which are found in animal organs and 
products, such as liver (“hepaflavin”, C 17 H 20 OBN 4 , m.p. 280®, Stem, Z. 
physiol. Chem. 212, 207; Ber. 66 , 666 ; Karrer, Salomon and Schopp, Helv. 17, 
419), heart, kidney, muscle (“cyioflavin” see Banga and Szent-Oyorgyi, 
Biochem. Z. 246, 203), tumours {Biench, Lang and Rosenbohm, N. 21, 496), 
brain, eye, corpus luteum {v. Euler and Adler, Z. physiol. Chem. 228, 106), 
and also have been obtained from hens’ eggs (“ovoflavin”, Ci 7 H 2 oOaN 4 , decomp. 
267®, see Kuhn, Oyorgy and Wagner-Jauregg, Ber. 66 , 676), whey (“lacto- 
flavin”, C 17 H 20 O 4 N 4 , m.p. 292® (decomp.), seep. 572), urine (“uroflavin”, m.p. 
272® (decomp.), see Stem andOreville, N. 21, 720; Koschara, Ber. 67, 761), and 
the cerebrospinal fluid {Oyorgy and Kuhn, N. 21, 405); they occur further 
in plants, such as spinach, tomatoes, etc., and in yeast and various 
bacteria. They arc isolated by adsorption on fullers’ earth, lead sulphide, 
etc., followed by elution with pyridine {Ellinger and Koschara, Ber. 66 , 315; 
Kuhn, Oyorgy and Wagner-Jauregg, ibid. 317). They are closely related to 
the second respiratory ferment which is insensitive to CO and HCN and 
has been isolated by Warburg from blood and yeast (abs. max. 470, 445 m^, 
see Warburg and Christian, Biochem. Z. 242, 206; 254, 438; 267, 492; 258, 
496; N. 20, 688 , 980). In their composition (20 — 30% N) and in optical 
behaviour (abs. max. of the pigment from ox-heart 242, 267, 446 from 
liver 638, 662, 437 from egg albumen 267, 360, 433, 446 mp), they are 
very like the butterfly pigments (pterins, see below; o.g. xanthopterin, abs. 
max. 243, 267, 360, 391 mp, see Wieland and Schopf, Ber. 68 , 2178; 69, 2067), 
and alloxazine (abs. max. 260, 330, 425 mp, see Kuhn and Bar, Ber. 67, 898). 

The constitution of lactoflavin, a compound of great physiological 
importance because it is vitamin Bg and also a component of the yellow 
respiratory ferment, has been established as 6 :7-diniethyl-9*d-ribityl-iso- 
alloxazinc (see p. 574); 

OH OH OH 

CHa—C C— C - CH 2 OH 
I H H H 

The flavins from the various sources mentioned above are very similar to 
lactoflavin, and perhaps are identical with it. 

The flavins also occur in nature in a non-dialysable form, as flavoprotcins, 
combined with compounds of high molecular weight, e.g. in the liver, and 
in yeast {Warburg and Christian, Biochem. Z. 266, 377; Oyorgy, Kuhn and 
Wagner-Jaurejgg, Z. physiol. Chem. 228, 241; see Vitamins, p. 671). 

The pigments, which are soluble in water and dialysable, but insoluble 
in indifferent organic solvents, and are sensitive to light and alkali, 
are characterised by vitamin Bo activity (see Vitamins, p. 572). Their 
amphoteric nature is shown by the formation of Pb, Ag and T1 salts, and 
by the variation of their fluorescence with pn {Kuhn and Morvzzi, Ber. 67, 
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888 ). The pigments, which are stable to oxidising agents, can be reduced 
by hydrosulphites, catalytic hydrogenation with Pd, Zn or Na amalgam 
in acid solution to their leuco-compounds, via an unstable red intermediate 
{Kuhn and Wagner-Jauregg, Ber. 67, 361; cf. the similar behaviour of 
alloxazine, Kuhn and Bar, ibid. 898); the pigment can be regenerated from 
the leuco-compound by shaking with air, or with bromine water or with 
methylene blue, and these properties make it behave like a natural redox 
system {Bierich, Lang and Bosenhohm, N. 21, 496; Wagner-Jauregg and 
Ruslca, Ber. 66 , 1298; Kuhn, Rudy and Wagner-Jauregg, ibid. 1960; Kuhn 
and Wagner-Jauregg, Ber. 67, 361). Flavins increase the respiration of 
bacteria {Adler and v. Euler, Z. physiol. Chem. 226, 41), of erythrocytes 
{Stem and Oreville, N. 21, 720) and of the cell-tissue of higher animals. 

Purine Colouring Matters 

The pterins include the pigments of various butterflies, wasps, etc. 

The wings of the cabbage white {Pieris brassicae etc.) and the white 
parts of the wings of the orange-tip butterfly contain the colourless leuco- 
pterin, CigHijOjiNis* m.p. > 400®. The pigment, which can be obtained 
crystalline by repeated precipitation from alkaline solution with mineral 
acids, behaves on titration as a tetrabasic acid, and gives a crystalline acid 
disodium salt which is yellow. With cone. Hj>S 04 rearrangement takes place 
to iso-leucoplerin, which behaves as a hexabasic acid. 

Leucopterin shows the murexide reaction, and reacts with phosphotungstic 
acid. It gives a trichlor-derivativc with PClg—POClg, and a triglycol (or 
a hexamethyl ether) when oxidised with Clg in water (or in methyl alcohol). 
It also forms a triacetyl compound. All these facts seemed to indicate that 
its structure is based on uric acid {Schopf and Wieland, Ber. 69, 2067). Such 
a view is, how'ever, excluded by the facts that guanidine has been found 
among the decomposition products of various leucopterin derivatives, and 
that oxidation of leucopterin with HNOg gives none of the typical oxidation 
products of uric acid, such as alloxan and allantoin. Treatment of leucopterin 
with nitrite and cone. H 2 SO 4 gives desimino-leucopterin, Ci 0 Hi 4 Oi 3 Ni 2 » 
three N atom® being lost, and complete hydrolysis of this compound gives 
no guanidine (cf. the conversion of guanine into xanthine). With (sonc. 
HCl at 170®, leucopterin gives glycine, ammonia and COg, which arc 
typical uric acid products, also CO, and hydrolysis of leucopterin-triglycol 
CigHigOiiNislOHle gives, in contrast to uric acid, oxalic acid together with 
guanidine, NHg and COg. Decomposition of leucopterin-triglycol-hexamethyl 
ether, Ci 9 Hi 90 iiNi 5 ( 0 Me)g gives guanidine and COg and an important 
degradation product, an acid C 4 H 504 N 2 ( 0 Me) m.p. 182®, which can be given 
the constitution 

HgN • CO • CH( OMe) • NH • CO • COgH, 

and can be hydrolysed to glyoxylic acid or oxalic acid. 

Quantitative investigation of these decompositions of the leucopterin 
molecule suggest a complex formula made up of three imino-purine or 
pyrimidine nuclei joined by the C-atoms of the oxalic acid, or its decom¬ 
position products, COg and CO; two of the heterocyclic units seem to behave 
alike, as is shown by the formation of a diglycol, CigHggOigNig, with chlorine 
in acetic acid, by the presence of only two mol. of guanidine in the hydrolysis 
products of the triglycol, and the formation of one mol. of guanidine in 
the degradation of the triglycol trimethyl ether, Ci 9 Hi 90 iiNi 5 ( 0 H) 3 ( 0 CH 3 ) 3 . 

Formulae for this complex natural product, which will explain these 
interesting results, have been suggested by Wieland and/8'cAdp/(^n.607,226). 

Xanthopterin^ C 19 H 19 O 7 N 16 , m.p. > 400®, the yellow wing pigment of the 
brimstone butterfly {Oon^opterix rhamni), can also be obtained from wasps 
and hornets and shows an amphoteric character like leucopterin (yellow Ba 
salt monohydrate, CigHigOgNigBaj; colourless hydrochloride); it evolves 
ammonia when boiled with alkali. It couples with diazo-compounds (of. 
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xanthine), and gives the murexide test and can be oxidised to uric acid. 
These facts show that it is closely related to leucopterin {Wieland and Schopf, 
Ber. 68 , 2178; Schopf and Becker, Ann. 607, 266). 

The older idea that free uric acid was present in the wings of butterflies 
has not been confirmed by more recent investigation. 

A complex system of condensed heterocyclic rings is present in the 
colouring matter 

Thiochrome, C 12 H 14 ON 4 S, m.p. 228® (corr.) (hydrochloride m.p. 217—221®), 
which has a strong blue fluorescence in solution. It was first isolated by 
Kuhn and his co-workers from yeast: 4,050 kg. of yeast yielded 260 mg. of 
thiochrome (Z. physiol. Chem. 234, 196). It is soluble in water and methyl 
alcohol, but difficultly soluble in acetone, chloroform and ether. With 
reducing agents (Na 2 S 204 or catalytic hydrogenation), two mol. of hydrogen 
are taken up with the formation of a leuco-compound, which is readily 
re-oxidised by oxygen. 

The same compound was obtained by Barger, Bergel and Todd (Nature 
136, 269; Ber. 68 , 2267) by oxidation of an alkaline solution of vitamin B, 
(p. 669) (aneurin) with ferricyanide. This relation between thiochrome and 
aneurin is shown by their formulae; 

Vitamin Bi (chloride-hydrochloride); Ci 2 Hi 70 N 4 SCl‘HCl 
Thiochrome; C 12 H 14 ON 4 S 

When the structure of the vitamin had been established, that of thiochrome 
was a natural consequence {Windaua, Tschesche and Qrewe, Z. physiol. 
Ch. 237, 98; Grewe, ibid. 242, 93; Todd and Bergel, J. 1936, 1669): 
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This structure has been confirmed by the synthesis of thiochrome, by 
condensing 4-chloro-6-chloromethyl-2-methylpyrimidine (I) with 2-amino- 
4-methyl-6-^-hydroxyethylthiazole (II) {Todd, Bergel, Fraenkel-Conrat and 
Jacob, J. 1936, 1601). 



HN-C-CH, 


is i.CH,.CH,OH 
HN'^ S 
(II) 


NITROGEN-FREE (NON-ALKALOIDAL) POISONS 

Poisonous compounds of the plant and animal kingdom, with the 
exception of amines, alkaloids and other nitrogenous substances 
(such as mustard oils, see p. 367; HCN glycosides, see p. 364), are dealt 
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with in this section, and they are arranged according to their chemical 
constitutions, as far as these are known. 

The poisonous action is frequently associated with the presence 
of an unsaturated lactone group in the molecule, but the physio¬ 
logical action is specifically influenced by the constitution of the 
molecule as a whole. 

With the exception of a few aliphatic substances, such as jalapic 
acid, convolvulinic acid, agaricic acid and the fatty acids of the tubercle 
bacillus, these poisons are almost entirely cyclic substances. Thus 
anemonin is a cyclobutane derivative; the insect poisons hydnocarpic 
acid, chaulmoogric acid and the pyrethrins are derivatives of cyclo¬ 
pentane. The hydroaromatic compounds include picrocrocin, sedano- 
lide and cantharidin, the blistering substance of the Spanish fly. 
Alantolactone, santonin, picrotoxin and the podophyllins are un¬ 
saturated lactones of the hydronaphthalene series. Derivatives of 
the aromatic series with specific physiological action include the 
alkylated pyrocatechols, urushiol, laccol and thitsiol, which cause 
violent skin inflammation, the anthelmintics of the fern, such as 
filicic acid, etc., several quinones, which have a strong irritant 
effect upon the respiratory passages, and the polyhydroxy-anthra- 
quinones which have been used as purgatives, etc. Finally, there 
are the derivatives of coumarin which act as strong fish poisons, such 
as bergapten, peucedanin, etc., and the benzo-y-pyranone derivatives, 
rotenone, deguelin, tephrosin and toxicarol; cannabinol, the intoxi¬ 
cating poison of hashish from Indian hemp, also belongs to this 
series. The large class of the saponins, of which the most important 
therapeutically is the Digitalis group, is distinguished by haemolytic 
properties and cardiac action; these contain the same complex 
hydro-aromatic system as the bile acids, and the toad and snake 
poisons, which have a similar physiological effect. 

(a) FATTY ACIDS 

Jalapic acid^ Cg4H,20ig, m.p. 208®, prepared from the resins of Jalape 
convolvulus and Scammonia, is a compound of jalapinolic acid, Cl6R32f^3> 
m.p. 63® ( 11 -hydi’oxy-palmitic acid), and three mol. of glucose (cf. p. §53). 
It causes haemolysis {Heinrich, Biochem. Z. 88 , 13), and paralysis of the 
parasympathetic system and of the motor nerves, and, in the form of 
powdered jalap, has been used as a purgative. 

Convolvulinic acid, C 52 H 92 O 32 , m.p. 187®, which likewise occurs in various 
species of Convolvulus, is similar to jalapic acid in its physiological action 
and has a very marked purgative action; it can be hydrolysed to convol- 
vulinolic acid, C 12 HJ 2 O 4 , m.p. 84® (3:12-dihydroxy-palmitic acid), four mol. 
of glucose and two mol. of rhamnose (see p. 354). 

The larch fungi, Polyporus off, and Pomes off,, contain agaricic tfeid, 
C 22 H 40 O 7 , m.p. 142® (trimethyl ester m.p. 64®). In addition to its haemolytic 
properties it has an effect on the heart (JKowsom, J. Physiol. 61 (1917), 176; 
McCartney and Ransom, ibid. 287; McCartney, J. pharm. Exp. Ther. 10 
(1917), 83), and has been shown to decrease perspiration {Schon, C. 1923 
III 962). For its constitution, see p. 381. 

The lipoids of the tubercle bacillus contain fatty acids with branched 
chains: tuberculo-stearic acid, CjsHgeOg, an oil, b.p. 142—149®/ 
0*001 mm., and phthionic acid, C^H 5202 > 28^, which are combined 

with sugar and alcohols of hi^ molecular weight (AiadeTaaon and 
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Chargaff, J. Biol. Chem. 85 (1929), 77; Chargaff, Ber. 66, 745; Anders- 
son and Chargaff, Z. physiol. Chem. 191, 167; Chargaff, N. 19, 202). 
By fractionation of its methyl ester, b.p. 190—198®/0'001 mm. in a 
high vacuum, the latter can be separated into two optical isomers, 
[a]D + 10*5® and [a]D — 5® (Andersson, C. 1932 II 3429). The sodium 
salt of the former acid acts upon Mycobact. le'prae, the latter is an 
antigen and causes giant-cell growth {Sabin, Doan and Forkner, 
J. Exp. Med. 62 (1930), suppL 3, 3). For the synthesis of fatty 
acids with branched chains, see Chargaff, Ber. 66, 745. 

(b) REDUCED CARBOCYCLIC COMPOUNDS 
Cyclobutane Derivatives 

Anemonin (I, p. 480), C 10 H 8 O 4 , m.p. 168® (decomp.), is obtained by steam 
distillation of the crude oil from various species of A nemone and Ranunculus 
{Meyer, Mo. 17, 283); it is not orij^nally present as such, but is formed during 
the distillation by the polymerisation to a 4-ring of dehydro-a-angelica-lactone, 
which occurs in these plants (cf. synthesis, p. 481). It paralyses respiration 
and the beating of the heart {Raymond-Hamet, C. 1927 II 121; Asahina, 
Ber. 47, 914) and produces inflammation {Asahina and Fujita, Acta 
phytochim. 1 (1922), 1 ). 

Anemonin contains two olefinic double bonds (tetrabromide CioHg 04 Br 4 , 
m.p. 176®, see Asahina, Ber. 47, 914) which can bo reduced with Pt and Hj 
to give tetrahydro-anemonin (II), C 10 H 12 O 4 , m.p. 166® {Asahina, Arch. 
Pharm. 268 (1916), 690; Asahina and Fujita, J. Pharm. Soc. Japan 1921, 
no. 70, 1 ). Na amalgam and acetic acid only open the four-membered ring 
and give the dihydro-compound (III), CjoHjo 04 , m.p. 172®, while Na and 
alcohol give iso-tetrahydroanemonin (IV), C 10 H 12 O 4 , m.p. 142®, a derivative 
of cyclohexane. The four O atoms of anemonin are present in two lactone 
groups {Meyer, Mo. 20, 634); thus dihydro-anemonin with cone. HCl gives 
anemonolic acid (V), C 10 H 14 O 0 , m.p. 168® (dimethyl ester m.p. 96®), and the 
sodium salt of tetrahydro-anemomn (VI), CioHj 4 O 0 Na 2 , is formed by alkaline 
hydrolysis of tetrahydro-anemonin. With anemonin itself aqueous potassium 
carbonate hydrolyses the lactone groups and also opens the cyclobutane 
ring, giving a-anemoninic acid (VII), CjgHjgOg, m.p. 117® (which rearranges 
with HCl into the ^-form, m.p. 189®); with sodium ethoxide it yields 
a-anemonic acid (VIII), CioHioOg, m.p. 120®, (which rearranges with HCl 
to the p-foTVo, m.p. 208®), a 6 -ring being formed. 

The transition from the cyclobutane series (anemonin) to the cyclopentane 
series (anemonic acid) also takes place in the reactions: anemonin dihydro- 
anemonin -> anemonolic acid —> anhydro-anemonolic acid (IX), C^oH^g^s* 
m.p. 129®. Anemonic acid and anhydro-ancmonolic acid take up two and 
four atoms of H on catalytic hydrogenation to form tetrahydro-anemonic 
acid (X), C 10 H 14 O 6 , m.p. 136® (dihydro-anhydro-anemonolic acid); 

X 

4H CH 2 —CH—CHa—CHg—COOH 2H 

Vlll-^ 1 - IX. 

ClHa—CO—CH —CHg—COOH 

As a 1 : 4 -diketo-compound, anemonolic acid when heated alone is converted 
into furan-cLoif -dipropionic acid (XI), CigHigOg, m.p. 164®; when heated with 
ammonia, it gives pyrrole-otoL'-dipropionic acid (XII), Ci 0 HigO 4 N, m.p. 170®; 

XI XII 

CH=C—CHa—CHa—COOH 

> 

H=C—CHa—CH,—COOH 


CH=C—CHa—CHg—COOH 
1 

CH=0—CH,—CH,—COOH 
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When the Na salt of tetrahydro-anemonin is heated with water, an inter¬ 
mediate compound (XIII) is first formed, and then the hydrofuran-compound 
V>-tetrahydroanemonic acid (XIV), CioHi 405 , m.p. 113®; this can be con¬ 
verted into the iodo-compound (XV), CxoHijOgl, m.p. 124°, which can be 
reduced with Zn and HCl to acetone-acetic-valeric acid (XVI), CioHxA, 
m.p. 90°: 


XIV 
—O— 


VI 


XIII 

H,o /CHg—CO—CHj—CHg—COOH \ 

I in,—CH—CHj—CH,—COOH j 
\ OH / 

XV XVI 

HI CH,—CO—CHj—CH,—COOH ^h CHj—CO—CH,—CHj—COOH 


CH, 

- I 

CH. 


_ -(L-CH,—CH,—ijo 
<^^Hjf—CHf-COOH ‘ 


CH,—CH—CH,—CH,—COOH 

i 


i 


Further reduction of both dihydro-anemonin and acetone-acetic-valeric acid 
gives sebacic acid (XVII), C 10 H 18 O 4 , m.p. 133°. Oxidation of anemoninic 
acid leads to acetone-diacetic acid (XVIII), C 4 H 10 O 5 , m.p. 142° {Asahina 
and Fujita, Acta Phytochim. 1 (1922), 1 ): 


XVII XVIII 

CH2—CHa—CHa—CHa—COOH CHa—COOH 

in,-CH,—CH,—CH,—COOH CH,—CO—CH,—CH,—COOH . 

Anemonin has been synthesised as follows: j^-bromolaevulinic acid was 
converted via acetyl-bromo-laevulinic acid and acetyl-acetacrylic acid lactone 
into dehydro-a-angelica-lactone (proto-anemonin), which on steam distillation 
polymerised to anemonin (idem, ibid.): 


CH3. CO. CHBr. CHa • COOH 


Ac,0 


CHa.C.CHBr.CHaCO 


CH3COO 


Na acetate dist. 

-^ CH,.C*CH:CH.CO - 


CHa:C.CH:CH.CO — 


^0^ 


dist. 


I. 


Cyclopentane Derivatives 

The seeds of the tree Hydnocarpus alcalae, which grows in the Philippines, 
yield chaulmoogra oil; this contains hydnocarpic acid (I), Cj^HagOa, m.p. 60°, 
[a]D+68*3°, amide m.p. 112° (PerkinSy Cruz and EeyeSy Ind. Eng. Chem. 19 
(1927), 939) and the homologous chaulmoogric acid (II) (gynocardic acid), 
CigHggOa, m.p. 68*5°, [a]D+62*4°, amide m.p. 107° {Dean and WrenshaUy 
Am. 42, 2626; Andri and Jouattey Bull. 43 (1928), 347): 

H H 

pT"^ )^CH,)i,-COOH I lP >^CH,)„-COOH. 

The acids are haemolytic {Ready J. Pharm. Exp. Ther. 24 (1924), 221), and 
also have a bactericidal action on Mycohact. leprae {Stanley and Adams, 
Am. 54, 1518), and hence the oil has been long used in the East as a native 
remedy for leprosy and tuberculosis (Walker and Sweeney, J. Infect. Dis. 26 
(1920), 238; Wade, Philippine J. Sci. 26 (1924), 21; Perrot, Boll. chim. 

Bichter-AnschOtz U. 31 
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farm. 66 (1927)« 610). The acids also act as fish and insect poisons {Kendall, 
I^nch Pat. 247,242, 603,662; Perrot, loc. cit.). 

Catalytic reduction gives the corresponding dihydro-compounds, m.p. 66® 
and 72® {Shriner and Adams, Am. 47, 2727). Reduction of the ozonide of 
chaulmoogric acid with Zn and acetic acid gives ay-dialdehydo-n-penta- 
decane-a'-carboxylic acid (III), CigH8204 (a glass), which is converted by 
CrOo into n-pentadecane-aya'-tricarboxylic acid (trimethyl ester m.p. 38®); 
further oxidation of the ozonide with permanganate leads to y-keto-n- 
pentadecane-aa'-dicarboxylic acid (IV), C17H30O5, m.p. 126®, which is 
reduced by Clemmensen’s method to n-pentadecane-dicarboxylic acid, 
m.p. 118® (idem, ibid.; Perkins, Am. 48, 1714): 


III IV 

CH:0 0:CH. COOH CO.(CH2)i2.COOH 

1 >CH •(CHj)i 2 .COOH^ Ozonide-> I / 

CH.- CH/ CH2—CH2 


The constitutions of both cyclic fatty-acids have been proved by synthesis 
of their dihydro-compounds: the Grignard compound of chlormethyl- 
cyclopentane was condensed with w-formyl-nonanoic methyl ester to give 
the hydroxy-ester (V), which was converted, via the bromide, into dihydro- 
hydnocarpic acid. In a similar way, dihydro-chaulmoogric acid has been 
prepared from cyclopentyl-magnesium bromide and to-formyl-dodecanoic 
methyl ester, via the hydroxy-ester (VI) {Noller &nd Adams, Am. 48, 1080): 


_CH 

1 *V *\cH.CH,-CHOH.(CH,),-COOCH 3 ^ Dihydro-hydnocarpic acid 
CH,—CH/ 

I *VI ‘'>CH.CHOH-(CH,)u-COOCH, ^ Dihydro-chaulmoogric acid 
CHj(—CH/ 

A partial synthesis of chaulmoogric acid has been carried out from hydno- 
carpic acid and malonic ester {Stanley and Adams, Am. 61, 160), The 
complete synthesis of chaulmoogric acid has been achieved thus: the 
condensation product of 11-cyano-undecanoic acid chloride and sodio- 
acetoacetic ester was allowed to react with /d*-chlorcyclopentene; after 
ketonic hydrolysis, the cyano-group was hydrolysed and the resulting keto- 
acid reduced by the Kishner-Wolff method {Perkins and Cruz, Am. 49, 
1070): 


COCH3 

CHNa-f C1CO.(CH2 )io-CN-► 

ioOR 

H CO-CH, 

-► ^^(!)-CO-(CH,)io-CN 

ioOB 


CO-CH, 

H([!-CO-(CH,),o-CN-f 

iooR 


\/= 

/\_ 


H 

-»- p^^ CH,-CO-(CH,)io-CN 


H H 

•CO-(CH,)io-COOH ->. ^^\/(CH,)„.COOH. 

The pyrethrins I and II, the insect poisons from the flowers of the Dal¬ 
matian composite Chrysanthemum cinerariifolium, affect the central nervous 
system of warm-blooded animals, and paralyse respiration {Fujitani, Arch. 
Exp. Path. 61 (1909), 47; Yamamoto, C. 1920 III 617; Tattersfield, Hobson 
and Oimingham, J. Agric. Sci. 19, 266, 433). 
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Alkaline hydrolysis of these compounds which are esters, gives pyre- 
throlone (I), CnHuOg, b.p. 110~112®/0*1 mm {semicarbazone m.p. 200°), the 
common alcoholic constituent of both pyrethrins, chrysanthemum-mono- 
carboxylic acid (II), b.p. 136°/12 mm (p. 26), and the dicarboxylic acid, 
m.p. 164°. which is derived from chrysanthemum-dicarboxylic acid 
monomethyl ester (III) (p. 33), b.p. 140°/0*6 mm. {Statulinger and Ruzickat 
Helv. 7. 177): 


H CH3 

X/H 




CH*—CH=C=CH—CH, 


H COOH 



The formation of an osazone from pyrethrolone shows that the hydroxyl 
is adjacent to the carbonyl group. After saturation of the double bonds 
by the Paal-Skita method to give the tetrahydro-compound, ^iiR2o^ 2» 
b.p. 160—162°/10 mm., the side-chain can be oxidised away with permanganate 
as caproic acid, b.p. 91°/12 mm. Tetrahydro-pyrethrone (IV) (p. 66), 
CjiHgoO, b.p. 101°/12 mm. (semicarbazone m.p. 160° and 194°), obtained by 
reduction of the secondary alcohol group of tetrahydro-pyrethrolone, is 
oxidised by the same reagent to laovulinic acid, b.p. 130°/i2 mm,, as well 
as caproic acid; the Beckmann rearrangement of its oxime establishes the 
position of the carbonyl group in the molecule (idem, Helv. 7, 212, 236): 




CH3 

io 


KMnO. 


Ha^COOH 


H\ CH, 

/Nh 

HjjC C—CgH 

I XNH 

HoC-CO 


Hv /CH3 

X 

H^C 


H, 


-CO 

H CH3 

/Nh 


HoC- 


€0 


Synthesis of the ketone (IV) from laevulinic ester and a-bromo-hoptoic ester 
can be carried out by the following stages: (idem, ibid. 246): 


CH, 


Zn at 160® 




cond. 


ROOCHoC 




CH3 

HoC/ ^C—CsH,, 


lOOR 


CH, 


Ketonlc 

hydrolysis 


Xo-CjHn 


Rooc-Hd:-io 

2 H (N1 at 240®) jy 


H,C- 


-CO 


31 * 
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Ozonolysis of pyrethrolone acetate gives the acetyl derivative of methyl- 
cyclopentenolone-homocarboxylic acid (V), CioHjjOg, m.p. 138®, formaldehyde 
and acetic acid. 


CHa-COOJ 



CH2. COOH+ CHjOH- HOOC • CHa 


HO'i-!0 


These products suggest the presence of an allene system. The conversion 
of pyrethrolone into dehydro-pyrethrolone (VI), C11H14O2, h.p. 82®/0*06 mm., 
by autoxidation in an alkaline medium (idem, ibid. 212), is a typical reaction 
of 1:2-cyclopentanonols. For preliminary work on the synthesis of pyre¬ 
throlone, see idem, ibid. 377, 442; Staudinger, Ruzicka and Reuss, C. 1927 

11 2282. 

The constitutions of the two acids obtained from pyrethrins I and II 
were determined mainly by ozonolysis. Chrysanthemum-monocarboxylic 
acid (II) gave i-trans-caronic acid, C7H10O4, m.p. 211®, and acetone, while 
the dicarboxylic acid (III) gave i-trans-caronic acid and pyrotartaric acid, 
m.p. 199®; Z-trans-caronic acid was identified by conversion into tercbic 
acid, m.p. 174®. Chrysanthemum-dicarboxyJic acid can be de car boxy lated 
to 2:2-dimcthyl-3-propenyl-cyclopropane-l-carboxylic acid, b.p. 133®/ 

12 mm., which on ozonolysis gives Z-trans-caronic acid and acetaldehyde 
{Staudinger and Ruzicka^ Helv. 7, 201; cf. Yamamoto^ Sci. Papers Inst. 
Phys. Chem. Res. 3 (1926), 193). A mixture of stcreoisomeric forms of 
chrysanthemum-monocarboxylic acid has been synthesised from 1:1:4:4- 
tetramethyl-butadiene and diazoace tic ester {Staudinger y Muntwyler, 
Ruzicka and Seihty Helv. 7, 390). 

The products obtained by partial synthesis from pyretlirolone and the 
chlorides of chrysanthemum-monocarboxylic acid and of chrysanthemum- 
dicarboxylic acid monomethyl ester were identical with the natural pyre¬ 
thrins I and II {Staudinger and Ruzicka, ibid. 448). 

Pharmacological studies showed that the individual components alone 
are physiologically inactive; the insecticidal properties of the esters seems 
to be determined by the simultaneous presence of the cyclopropane and 
cyclopentane rings (idem, ibid. 177). 


Hydroaromatic Series 

Simple members, such as bomeol (see p. 277), thujone (see p. 242), etc., 
are known to be sudorifics (diaphoretics). 

The knowledge of the action of sabinol (see p. 242) as an abortifacient 
was obtained by the Romans from the Sabines. 

Camphor (see p. 282) causes a reversible central paralysis of the heart 
vagus; under certain conditions the peripheral nerves are also paralysed 
{Stress, Arch. Exp. Path. 95 (1922), 304). 

Picrocrocin (bitter saffron), CieH2607, from Crocus off., which on hydro¬ 
lysis yields the terpene-aldehyde safranal, CioHi40 (constitution, see p. 354), 
and glucose, is one of the most widely-distributed natural abortifacients; 
in larger quantities it causes convulsions and also produces resorptive 
poisoning. 

Sedanolide C12H18O2, b.p. 147--149®/3 mm., [ajo—60*2®, and its isomer 
cnidiiim-lactono^ b.p. 148—160®/2*6 mm., [a]D —71*88®, and sedanonic acid, 
C12H18O8, m.p. 113® (oxime m.p. 128®), are the active constituents of celery 
oil and of the Chinese drug “hsiung-chuang” from Cnidium off,; they have 
narcotic properties {Murayama and Itagaki, J. Pharm. Soc. Japan 1928, 
no. 493, 16; Murayama, ibid. 1921, no. 477, 1). These compounds are un- 
aaturated and hydrolysis of the lactone ring of either of the two former 
iiubstances leads to the corresponding unsaturated hydroxy-acid; thus 
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sedanolide (I) can be reduced to dihydro-sedanolide, b.p. 141—142®/3 mm., 
m.p. 30®, and cnidium-lactone to dihydro-cnidium-lactone b.p. 131—133®/ 
3 mm., m.p. 61® and sedanolide can be hydrolysed to sedanolic acid (II), 
CiaHjoOj, which can be dehydrogenated to the aromatic hydroxy-acid (III), 
CijHijOj {Ciamician and Silbery Ber. 30, 1419, 1427; Noguchi, J. Pharm. 
Soc. Japan 64 (1934), 371): 


^^^CH.^(CH,)3.CH3 
1,1 ^ 




+ H,0 



(1H.C4H3 

OH 

COOH 


CH.C4H3 



Structure (III) was confirmed by further degradation of the compound to 
phenyl-glyoxylic acid, phthalic acid, valeric acid, succinic acid and oxalic 
acid. Cnidium-lactone, sedanolide and scdanonic acid (IV) all give the same 
saturated hydroxy-acid (V), C 12 H 22 O 3 , m.p. 131®, on reduction with Na and 
alcohol. The proof that sedanonic acid is the ketonic acid corresponding 
to sedanolic acid was given by the Beckmann rearrangement of its oxime 
to -d®-tetrahydrophthalic acid n-butylamide (VI), m.p. 171® {Ciamician and 
Silber, Ber. 30, 492, 601, 1424): 




CHCiH, 
OH ^ 

^COOH 


/CO-C.H, 

iivy 

\^\C00H 


IVII 

^^COOH 


The 6 -ring of sedanonic acid is broken by oxidation with permanganate, 
and glutaric, valeric and oxalic acids are obtained. 

Cantharldin, O 10 H 12 O 4 , m.p. 218®, is contained in the genital glands of the 
so-called Spanish flies, which are beetles belonghig to the genera Lytta and 
Meloe (CoUedge, Pharm. J. (4) 30 (1910), 674), and also in several species 
from Java, Horia Debyei, Cisetes maxillosa and Epicauta ruficeps {van Zijp, 
Pharm. Weekblad 64 (1917), 296; 69 (1922), 285; Stem, C. 1932 II 567). 
It is used for plasters because of its blistering action (for physiological test, 
see van Zijp, loc. cit.), and is also a strong kidney poison, though chickens 
and hedgehogs seem to be little affected by it {Ellinger, Arch. Exp. Path. 58, 
424; Forniy Arch. Farm. Sperim. 18 (1914), 107). The oestrogenic action 
produced by subcutaneous injection {Stem, Arch. Exp. Path. 166 (1932), 396) 
is probably due to the presence of traces of sex hormones. 

Cantharidin has been shown by titration to be an anhydride {Danckwortt, 
Arch. Pharm. 262 (1914), 663; imide m.p. 194®; hydrazide m.p. 118®; see 
Meyer, Mo. 18, 393; Oadamer, Arch. Pharm. 260 (1922), 199; Iyer and Ouha, 
J. Indian Inst. Sci. A, 14, 31); its hydrolysis yields the dibasic cantharidinic 
acid (dimethyl ester m.p. 91®, see Homolhiy Ber. 19,1082). The fourth 0-atom 
in the molecule is in an ether group. Thermal degraaation of cantharidin 
with PgSg gives o-xylene {Piccard, Ber. 10, 1504; 11, 2122; 12, 677; 19, 1404); 
soda-lime distillation gives cantharene (dihydro-o-xylene, see p. 97; 
Oadamer, Arch. Pharm. 265 (1917), 316). These facts suggest one of the 
following formulae (1—III) for cantharidin: 



Cantharidin 


The stability of cantharidide, CioHjgOj, m.p. 130®, a y-lactone formed by 
the reduction of cantharidin with Ni and hydrogen, excludes formula (II). 
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Elimination of the oxygen-bridge via the dibromide CioHjjOjBrg leads to 
deoxy-cantharidinic acid, C 10 H 14 O 4 , which is easily converted into its 
anhydride, deoxy-cantharidin, CioHijOj, m.p. 164® (decomp.) {Oadamer, Arch. 
Pharm. 255 (1917), 290; 252 (1914), 636). The synthetic deoxy-cantharidinic 
acids corresponding to (I) and (II) above are not identical with that from 
the natural product, and hence cantharidin must have formula (III) (Coffey, 
Rec. 42 (1933), 387, 1026). 

The oxygen bridge in the cantharidin molecule is opened by bromine 
or by chlorsulphonic acid, in the latter case via cantharidin sulphate, and 
cantharolic acid (IV), C 10 H 14 O 5 , m.p. 260®, to cantharic acid (V), C 10 R 12 O 4 , 
m.p. 276® (Meyer, Mo. 19, 707; Gadamer, Arch. Pharm. 258 (1920), 171; 
Gammer and Schittny, ibid. 260 (1922), 172): 




IV 

Formula (III) for cantharidin receives convincing support from the catalytic 
fission with Pd at 280®, which leads via dehydro-canthandin to furan and 
dimethyl-maleic anhydride, m.p. 96® (v, Bruchhausen and Bersch, Arch. 
Pharm. 266 (1928), &7); the synthetic norcantharidin, C 8 H 8 O 4 , m.p. 117®, 
formed from furan and maleic anhydride by the diene synthesis, followed 
by reduction, undergoes a similar decomposition (Diels and Alder, Ber. 62, 
664); 

H H 

JM H .CO. /C. H .CO. /C. H .CO. 

HC^I C^ \ cond.HC/ I \C/ \ +2HH2C/ I \C/ \ 

I 0 j| 0“:^ i ^ I I 0 I 0 

HC^I Cv^ ^ Pd HCv I yCs 






H 

CH, 

H/CO\ 


H 

Nor-cantharidin 


I ® i 

(liH, 

Iso-cantharidin. 

Condensation of aa'-dimethyl-furan and maleic anhydride gives’ iso- 
cantharidin, C 10 H 12 O 4 , m.p. 121 * 6 ®, which is different from the natural product. 

For the identification of cantharidin by colour reactions with azo-dyes, 
and dimethylamino-benzaldehyde, see van Urk, C. 1929 II 76; with vanillin- 
HCl, see David, Pharm. Ztg. 72, 66 ; with Na selenite, see Klein, Ind. Eng. 
Chem. 2 (1910), 389. 

Berivatives of Hydronaphthalene 

Alantolactone (I), C^sH^oOs, m.p. 76®, Isoalantolactone (II), m.p. 116®, 
and dihydro•l 8 oalalltolactone 9 ^CuHs 202 , m.p. 174®, the poisonous constituents 
of elecampane root from Inula heUnium, resemble the other hydro- 


>) 
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naphthalene lactones discussed later and are convulsive poisons for warm- 
blooded animals; they are also fish poisons and anthelmintics. 

The first two compounds contain two double bonds; one of these must 
be in the a)S-position to the keto-group, because it is easily reduced by Na 
amalgam to the dihydro-compounds, CigHggOg (III), m.p. 126®, and (IV), 
m.p. 174®; this assumption receives further support from the ease of addition 
of ammonia and diazomethane (formation of pyrazoline derivatives) {Hansen^ 
Ber. 64, 67), and also from the velocity of esterification of the carboxylic 
acids obtained by the addition of HCN to these double bonds {HanaeUy 
J. pr. 186, 176). Reduction with Pt and hydrogen saturates both double 
bonds of alanto- and isoalantolactone, and gives from either compound 
the same tetrahydro-compound, C 15 H 24 O 2 , m.p. 147*6®; hence they are 
structural isomers which differ only in the position of the second double bond. 

The methyl ester (m.p. 114®) of the acid corresponding to tetrahydro- 
alantolactone is reduced with Na and alcohol to the corresponding glycol, 
b.p. 167—170®/0*4 mm.; with HI this 3 delds a hydrocarbon, C 15 H 24 , b.p. 
130-133®/12 mm., which is dehydrogenated to eudalene ( 1 -methyl-7-iso- 
propyl-naphthalene, picrate m.p. 101®, styphnate m.p. 118®; see Hansen, 
Ber. 64, 943; Buzicka and van Melsen, Helv. 14, 397; Ruzicka and Pieth, 
ibid. 1990), and 1:6-dimethyl-7-isopropyl-naphthalene, b.p. 110—112®/ 
0*8 mm. (picrate m.p. 116*6®, see Ruziclm^ Pieth, Beichstein and Ehmann, 
Helv. 16, 268). Dehydrogenation of the isomeric lactones with Se opens 
the lactone ring and eliminates the tertiary methyl group, to give a hydro¬ 
carbon C 13 H 14 , b.p. 134-138®/14 mm. {Harvey, Heilbron and Wilkinson, 
J. 1980, 428), which has been identified as 1 mothyl-7-ethyl-naphthalene 
through its picrate, m.p. 101 ®, its styphnate, m.p. 126®, and by its conversion 
into naphthalene-1:7-dicarboxylic acid, Ci 2 Hg 04 , m.p. 296® {Ruzicka and 
Eichenberger, Helv. 18, 1117; Hansen, Ber. 64, 67). The increased yields 
of this hydrocarbon in the dehydrogenation of tetrahydro-isoalantolactone 
gave an indication of the presence of a semicyciic methylene group. 

This assumption is confirmed by the ozonolysis of dihydro-isoalanto¬ 
lactone (IV), which gives formaldehyde and a keto-lactone (V), C 14 H 30 O 8 , 
m.p. 199®. This is oxidised by KMn 04 to the keto-acid (VI), CioHijOj, m.p. 
93®, and reduced by Clemmensen’s method to the acid C 14 H 24 O 2 , which 
readily loses CO 2 to give a hydrocarbon C] 8 H 24 , b.p. 102®/12 ram. The hydro¬ 
carbon has been identified as 3-ethyl-9-methyl-cis-decalin (VII) {Ruzicka, 
Koolhaas and Wind, Helv. 14, 1176), and when dehydrogenated it gives 
^-ethylnaphthalene (picrate m.p. 96®) {Hansen, Ber. 64, 1904). The action of 
ozone upon dihydro-alantolactone (III) opens the ring to give the ketolactonic 
acid (VIII), C 15 H 22 O 5 , m.p. 191® {Ruzicka and PieUi, Helv. 14, 1092, 1466). 
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alantolaotones and santonin (below) are closely related in struotuie 
to the two sesquiterpenes, a- and / 3 -selinene (p. 328): 



SMtonin (I, page 489), CisH.sO,, m.p. 170®, Md— 171-4® is the active 
constituent of the worniseed of Artemisia chia and maritima (Josephson, 
Svensk farm. Tid. 35 (1931), 29 BrUning, C. 1931 II 2477). Santonin and 
sodium santonate are poisons producing convulsions {Oshika, C. 1923 III 
173); they also cause coloured vision (yellow or green: xanthopsia or 
chromatopsia) {Marshall, J. Pharm. Exp. Ther. 32 (1928), 189). For 
pharmacological studies on the influence of the lactone ring, the carbonyl 
and the double bond, see Wedekind (Z. med. Chem. 4 (1926), 93). 

Santonin behaves like a lactone, and its third 0-atom can be shown to 
be in a keto group (a-oxime m.p. 230®; ^-oxime m.p. 217®; see Wedekind, 
Ber. 82, 1412; Cusmano, Lincei ( 6 ) 21 (1912), II, 796). 

Catalytic hydrogenation of santonin gives a mixture of dihydro-santonin, 
CisHsoOa, m.p. 106® {Bargellini, ibid. ( 6 ) 22 (1912), I, 443), which still 
contains one double bond and can be oxidised with permanganate to 
dihydroxy-dihydro-santonio acid, Ci6H240e {Wedekind, Goost and Jdckh, 
Ber. 63, 60), together with tetrahydro-santonin, CigHj^Oa, m.p. 166® {Rimini 
and Jona, C. 1913 1 1773; Wienhaus and v. Oettingen, Ann. 397, 219; Asahina, 
Ber. 46, 1776), which can be reduced (Clemmensen) to desoxy-tetrahydro- 
santonin, Ci 5 H 2402 , m.p. 164® {Staudinger, Signer and Schweitzer, Ber. 64, 
398). Prolonged catalytic reduction eventually reduces the carbonyl group 
to the hydroxy-lactone, hexahydro-santonin, C 15 H 24 O 3 , m.p. 211 ®. Dehydro¬ 
genation of the latter with selenium brings about loss of a tertiary methyl 
group and of the lactone group, and gives 1 -methyl-7-ethyl-naphthalene, b.p. 
96-99®/! mm. (picrate m.p. 101®, styphnate m.p. 126®) {Ruzicka and Eichen- 
berger, Helv. 13, 1117; Clemo and Haworth, J, 1930, 2679). When hexahydro- 
santonin is reduced with HI and P, the tertiary methyl group migrates to the 
position para to the other methyl group, and 1 : 4 -dimethyl- 7 -ethyl-decalin, 
b.p, 120—126®/20 mm., is formed {Clemo and Haworth, loc. cit.). 

As a lactone, santonin dissolves in alkalis to give salts of santoninic acid, 
^ 16 ^ 8004 , which on fusion with potash yields p-dimethyl-/?-naphthol and 
propionic acid; isomerisation of santoninic acid with boiling baryta gives 
santonic acid, C 15 H 20 O 4 , m.p. 171® (Fmwcc^com, Lincei 1896, II, 214; Angeli and 
Marino, ibid. 16 (1907), 1,169). Reduction of the lactone ring yields santonous 
acid, CijHgoOa, and l;4-dimethyi-7-cthyl-octahydro-naphthaleno, C 14 H 24 , b.p. 
248®. Santonous acid has been synthesised {Clemo, Haworth and Walton, 
J. 1929, 2368) and this synthesis fixes the position of the a-propionic side 
chain in santonin. For the oxidative degradation of santonic acid to aposantonic 
acid, Ci 4 Hgo 03 , m.p. 166®, see Wedekind and Jackh, J. pr. 139, 129. 

The keto-group of santonin has been shown to be in the hydronaphthalene 
ring by the conversion of tetrahydro-santonin by Carols acid into the di¬ 
lactone tetrahydro-santonilide (II), m.p. 169*6® {Wedekind, Ber. 47, 2483). 
The positions of the double bonds and of the lactone bridge have been 
established by oxidation: perbenzoic acid gives santonin-oxide, Ci 5 Hia 04 , 
m.p. 167®, which when treated with ozone gives santonin-ketodicarboxylic 
acid (HI), C 15 H 28 O 7 , m.p. 208® the ring being opened. This is oxidised by 
permanganate or nitric acid to the heptane-tetracar boxy lie acid (IV), 
m.p. 166®; its decarboxylation product, the tricarboxylic acid (V), 
m.p. 88 ®, has been synthesised from 2 -methylcyclopentanone- 
6 -carboxylic ester and a-bromopropionic ester (Ruzicka and Steiner, Helv. 17, 
614), and is degraded to succinic acid with CrOa {Angeli, Ber. 46, 2233; 
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Lincei (6) 88 (1924), II, 10; Ruzicha and Eichenherger, Helv. 18, 1120; Wede¬ 
kind and Tettweiler, Ber. 64, 1796). 
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The tertiary methyl group shows a great tendency to migrate to the 
a-position of the hydronaphthalene ring, as in the potash fusion of santoninic 
acid, the HI reduction of hexahydrosantonin, and the formation of santoni- 
genic acid. This tendency is further illustrated by the isomeric change of 
santonin to desmotropo-santonin (VI), m.p. 199°, in the presence of mineral 
acids; one ring becomes aromatic and the product is a phenol {Andreocci 
and BertolOy Ber. 81, 3131; Wedekind and Schmidt, Ber. 36, 1386; France^coni, 
ibid. 2667). The constitution of this phenolic lactone has been established 
by its syntheses: (a) from methoxy-p-xylene, succinic anhydride and sodio- 
malonic ester (Clemo, Haworth and Walton, J. 1930, 1110); 
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(b) from methoxy-p-xylene, methylsuccinic ester and oxalic ester 
{Chitchihahin and Shtchukina, Ber. 63, 2793): 
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(c) from l:4-dimethyl-2-methoxy-a*tetralone, oxalic ester and a-bromo- 
propionic ester (Brit. Pat. 341,402): 
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Santonin is hydrolysed in a curious way when exposed to light in acetic 
acid solution and gives photo-santonic acid (VII), C 15 H 22 O 5 , and isophoto- 
santonic acid (VIII). Distillation of the Ba salt of the former yields 1:4- 
diethyl- 2 -i 8 opropyl-benzene, and its oxidation gives dimethyl-phthalide- 
carboxylic acid (Francesconi and Venditti^ Gazz. 32 (1902), I, 281; Banchi, 
ibid. 68 (1928), 77; Banchi and Infante^ ibid. 61 (1931), 839): 
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Synthetic model-compounds prepared from /5-tetralone and /?-bromo- 
propionic ester by the Reformatsky reaction, or from cyclohexanone or 
^-tetralone and pyrotartaric ester (Germ. Pat. 622,405; Huppmann, C. 1931. 
I 2756; BergSt Germ. Pat. 626,000; French Pat. 716,890) have an action 
similar to that of santonin {Bergs^ Ber. 63, 1286; French Pat. 716,890). 

Artemisin (I, = 7-hydroxy-santonin), C 15 H 18 O 4 , m.p. 203®, is obtained 
from the mother liquors in the preparation of santonin from Artemisia 
maritima^ and shows a similar physiological action {Freund and Mai, Ber. 84, 
3717; Bertolo, Gazz. 34 (1904), II, 322). 

Distillation of artemisin with Zn dust gives 1 :4-dimethylnaphthalene 
{Freund and Mai, loc. cit.), while dehydrogenation of its tetrahydro-compound 
with Se gives l-methyl-7-ethyl-naphthalene, b.p. 130-136®/16 mm. (picrate 
m.p. 97®, styphnate m.p. 126®); hence the same carbon skeleton is present 
as in santonin. 
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Artemisin (oxime of its acetyl derivative, m.p. 199®), has two double 
bonds, like santonin, and is reduced by Pd and hydrogen to four isomeric 
tetrahydro-artemisins, Ci 5 H 2204 :a, m.p. 192®, ^,m.p. 169®, y, m.p. 224® (oxime 
m.p. 256®), and m.p. 208® (oxime m.p. 186®); the a form is reduced by 
amalgamated Zn and HCl (Clemmenson) to two isomeric deoxy-tetrahydro- 
artemisins, C 16 H 24 O 3 , m.ps. 205® and 228®. Energetic reduction with platinum 
oxide and hydrogen reduces the carbonyl group to a secondary alcohol 
group, with the formation of two isomeric hexahydro-artemisins, C 15 H 24 O 4 , 
m.ps. 208® and 242®. 

With Caro’s acid, tetrahydro-artemisin gives the hydroxydilactone 
C 15 H 22 O 5 , m.p. 224®, which corresponds to tetrahydro-santondide; this 
reaction requires a methylene group adjacent to the keto-group, and since 
artemisin itself does not give the reaction, one of the double bonds must 
be in the 3:4-position. Alkaline fission of artemisin leads to artemisinic 
acid, C 15 H 20 O 5 , m.p. 136®, which differs from santoninic acid in that when 
fused with potash it gives 1:4-dimothyl-7-ethyl-/?-naphthol, C 14 H 14 O, m.p. 
126®, and CO 2 {Bertolo^ Gazz. 66 (1926), 856). Artemisin behaves like 
santonin in giving an isomeric desmotropo-artemisinic acid, m.p. 236® 
(diacetate m.p. 150®) {Bertolo, Gazz. 60 (1920), I, 114). 

The fourth 0-atom of artemisin is present in a hydroxyl group which 
is shown by the formation of monoacotyl-artemisin and diacetyl-desmo- 
tropo-artemisin; this group is eliminated by the action of formic acid and 
high vacuum distillation to give the triply unsaturated artemisene (II), 
CigHigOg, m.p. 182®. The ease of dehydration indicates that the hydroxyl 
18 tertiary (on C7); dehydration also takes place by the action of alkali upon 
artemisin and its derivatives, followed by hydration in another direction 
to yield a second keto-group on Cg. With artemisin (1), the reaction runs 
via artemisene (II) to artemionic acid (III), C 15 H 18 O 4 , m.p. 208®. Its hexa- 
hydro-derivative (IV), C 15 H 22 O 4 , m.p. 179®, is reduced by Na amalgam to 
a compound (V), CjgH 463 , m.p. 206®, identical with hexahydro-santonin 
{Tetiweiler, Engel and Wedekind, Ann. 492, 105): 
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“Picrotoxin”, 03311340 , 3 , m.p. 200 ®, is possibly a molecular compound 
and is the convulsive jioison and fish poison {Chistoni, Arch. farm, sperim. 12 
(1911), 386; 13 (1912), 220) of the so-called Cocculus berries, the fruits of 
the East Indian creeper Menispermum cocculus and Anamirta panniculata. 
From it two dilactones can be isolated, picrotoxin, CigHigO*, m.p. 201®, 
and picrotin, CigHigO^, m.p. 260®, the constitutions of which are not yet 
settled {Meyer and Bruger, Ber. 31, 2958; Horrmann, Ber.46, 2090). When 
hydrolysed they give the corresponding lactonic acids and related dicarboxylic 
acids, a- and )3-picrotoxininic acids, CigHigO^, m.ps. 209® and 231®, and 
picrotoxinin-dicarboxylic acid, CigHsoOg^, decomp. 163®, and a- and jS-picrotime 
acids, C 15 H 20 O 3 , m.ps. 246® and 264®, and picrotin-dicarboxylic acid, 
CijHjgOj, m.p. 271®, with picrolactone, CjgHigOv, m.p. 339® {Homnann, 
Ann. 411, 273). 
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Reduction of the lactones with HI and P yields desoxo-picrotinic acid, 
C 15 H 18 O 4 , m.p. 136®, the amide of which can be degraded (Hofmann) to an 
amine; exhaustive methylation of this gives a neutral substance, C 14 HUO 2 , 
b.p. 172—183®/13 mm., which is ozonised to acetic acid and the aldehyde, 
CjsHitOs, b.p. 195®/14 mm., or the corresponding monobasic acid, C 12 H 12 O 4 
{Horrmann, Ber. 49, 2107). 

Oxidation of picrotinic acid (formula I below) with KMn 04 gives an acid 
CjgHjgOe, m.p. 176®, which with CrO, yields a dibasic acid C, 2 Hi 207 , m.p. 
290®, and with HNO 3 and KMn 04 an acid, C 7 H 10 O 5 , m.p. 96® {Angelico, 
Gazz. 41 (1911), II, 337). Oxidation of picrotoxin with MnOj and H 2 SO 4 
forms a lactone-dicarboxylic acid (II), C 12 H 1 QO 4 • HgO, m.p. 220® or 286® 
(dimethyl ester m.p. 103®), together with mellophanic acid, CioH^Og, m.p. 
241® (tetramethyl ester m.p. 132®). The constitution of the C,, •acid is 
established (a) by further degradation to benzene-1:2 ;3*tricarboxylic 
acid (HI), CgH-Og, and acetone {Angelico, Gazz. 42 (1912), II, 640), (b) by 
complete decarboxylation with Cu and quinoline to aa-dimethylphthalide 
(IV), C 10 H 10 O 2 , m.p. 70® {S^th, Wesaely and Nadler, Ber. 66 , 129), and 
(c) by partial decarboxylation to aa-dimethyl-phthalide-4-carboxylic acid 
(cannabinolactonic acid, cf. p. 611) {Mercer, Robertson and Cahn, J. 1936,997): 


HOOC 


.CH, 

CO 


V\ 

COOH 
COOH 


xs. 


CHg 


oxid. 


/\/ \ 


/VXc/" 

HOOC I ^ 
HOOC 


decarb. 


\c/ 
/\/^\ 


IV I 




0 


Fusion with potash decomposes picrotinic acid into acetone and a dibasic 
acid, C 12 H 14 O 4 , m.p. 132®, which has been shown to be (V) by ring-closure with 
Na to 6 -methyl-l-tetralone- 2 -carboxylic acid (idem, ibid.), while its oxidation 
product, picrotin-phthaldicarboxylic acid, CigHjgOg, yields acetone and a tri- 
basic acid, CijHijOg, m.p. 163® {Angelico and Monforte, Gazz. 63 (1923), 800). 
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With strong sulphuric acid, a-picrotinic acid loses two C-atoms and 
gives picrotin-ketol (VI), C 14 HJ 3 O 4 , m.p. 130® (acetate m.p. 84®; oxime m.p. 
206®), which is oxidised by permanganate to a monobasic acid (VII), 
C 13 H 14 O 4 , m.p. 165® {Horrmann and Hagedom, Arch. Pharm. 269 (1921), 7; 
Mercer and Robertson, J. 1936, 288). 

Picrotoxinin is degraded by HI or HCl to picrotin-ketone, C 14 HJ 3 O 3 , 
b.p. 190®/8 mm. {Angelico, Gazz. 41 (1911), II, 337; Angelico and Monforte, 
ibid. 63 (1923), 800), or to the chloroketone, Ci 4 Hi 303 Cl; action of alkali 
leads, via tetramethyl-phthalide, C 12 H 14 O 2 , m.p. 81®, to 1 : 2 -dime thyl-benzene- 
3-carboxylic acid, CgliioOa, m.p. 144® {Angelico, Gazz. 42 (1912), II, 640), 
while HI gives the hydrocarbon C 12 H 20 , b.p. 96®/9 mm. {Sielisch, Ber. 46, 
2666). Ozonolysis yields formic acid and the dilactone of picrotoxininone- 
dicarboxylic acid, CJ 4 H 18 O 9 , picrotoxininone, Ci 4 Hi 407 , m.p. 146® and 242® 
{Horrrmnn, Arch. Pharm. 268 (1920), 200). Ozonolysis of a-picrotoxininic 
acid also gives formic acid and picrotoxinonic acid, C 14 H 18 O 8 , decomp. 226—260® 
{Horrmann and Wdchter, Ber. 49, 1564). 

The rhizomes of various species of Podophyllum (Berberidaceae) of North 
America and northern India contain two isomeric compounds, OggHgaO,, 
podophyllotoxin (T, p. 493), m.p. 117®, [a]D — 94*4® (acetate m.p. 181®), and 
pieropodophyllin (II), m.p. 228®, [a]D + 9*6® (acetate m.p. 216®), which 
possess a strong purgative action. 
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The results obtained by oxidation and reduction, by pyrogenic dehydro¬ 
genation, and by acetylation lead to the following formulae for podophyllo- 
toxin (I) and picropodophyllin (II) {Borscht and Niemann, Ann. 499, 69; 
R. D, Haworth, Richardson and Sheldrick, J. 1935, 1676): 
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Both are hydroxy-lactones, and are derived from the same hydroxy-acid, 
podophyllic acid (III), C 22 H 240 g, m.p. 160®. Acetylation of podophyllotoxin 
with acetic anhydride and cone. H 2 SO 4 gives a normal acetate, while with 
picropodophyllin dehydration takes place to the unsaturated stereoisomeric 
apo-picropodophyllins (IV), CggH qO^, m.ps. 216® and 244® (see Robertson 
and Waters, J. 1933, 83), which can be hydrolysed by alkali to the same 
apo-podophyllic acid, C 22 H 22 O 8 , m.p. 166®. 

The structural formulae explain at once the formation of pyromellitic 
acid, CioHgOg, by the oxidation of the demethylated podophyllin, the p 3 rro- 
gallol nucleus of which can be readily oxidised away completely; this is 
in contrast to the result of the HNO -oxidation of the methoxylated 
anhydro-dehydro-podophyllin (V), OjgHigOy, m.p. 266®, obtained by the 
action of Pd at 230®, which leads to benzene-pentacarboxylie acid, C„H,0 

10 

(pentamethyl ester m.p. 160®) {Spaih, Wessely and Komfdd, Ber. 65, 1536). 
Anhydro-dehydro-podophyllin (V) has been synthesized by Haworth and 
Richardson (J. 1936,348) and this synthesis provides a rigid proof of the carbon 
frame-work in podophyllotoxin and picropodophyllin and of the positions of 
the carboxyl and primary group, and an indirect proof of the position of 
the secondary alcoholic group. For a synthesis of the lactone isomeric with 
(V), m.p. 288—289®, in which the CO and CH 2 groups are interchanged, from 
trimethoxy-benzoyl-succinic ester, piperonal and formaldehyde, via the 
corresponding dicarboxylic acid, C 22 Hig 09 (anhyd. m.p. 300®, ainiothyl ester 
m.p. 207®), see R. D. Haworth, Richurdson and Sheldnck (J. 1935, 1576). 
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The mode of linkage of the other oxygen atoms is disclosed by the products 
obtained from oxidation with KMn 04 , the trimethyl ether of gallic acid, 
CjgHioOg, m.p. 170®, and hydrastic acid (4:6-methylenedioxy-phthalic acid), 
CgHgOg (anhyd. m.p. 179®) (Borsche and Niemann, Ann. 494, 126; Bpath, 
Wessely and Komfeld, Ber. 65, 1636; Spath, Wessely and Nadler, ibid. 1773): 
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In podophyllotoxin and picropodophyllin the presence of a hydro¬ 
naphthalene nucleus was proved by the formation of podophyllomeronic 
acid (VI), C, 3 Hi 404 , m.p. 237®, by fission with HI, that this acid is 2:3- 
methylenedihydroxy-7-methyl-tetralin-6-carboxylic acid is proved (a) by 
its degradation successively to phylloraeronic acid, C 12 H 10 O 4 , m.p. 244® 
(dimethyl ether methyl ester m.p. 126®), phyllomerol, CuHioOg, m.p. 162®, 
and /3-methyl-naphthalene, CjjHio, wi*P* 32®; (b) by the conversion of the 
dimethyl ether of phyllomeronic acid, C 14 H 14 O 4 , m.p. 228®, to the corre¬ 
sponding amine, C 18 H 1 BO 2 N, m.p. 205®, and then to m-hemipinic acid 
(4:6-dimethoxy-phthalic acid), CioHeOg (anhyd. m.p. 179®); (c) from its 
oxidation with KMn 04 to toluene-2:4:6-tricarboxylic acid, CioHgOe, m.p. 
200®, and pyromellitic acid, CigHgOg, m.p. 230—240® (tetramothyl ester 
m.p. 143®) (Bwacke and Niemann^ Ber. 65, 1633) (see formulae above). 

Podophyllomerol, CigHigOg, m.p. 129®, the decarboxylation product of 
the acid (VI), has been synthesised from veratrol and methylsuccinic an¬ 
hydride {Robertson and Waters, J. 1933, 83; Borsche and Niemann, Ann. 602, 
264). 

The position of the trimethoxy-phenyl residue in the 1- or 4-position 
of the hydrogenated ring of the tetralin nucleus is shown by the oxidation 
of both substances with KMn 04 to a>-(3':4':6'-trimothoxyphenyl)-4:6- 
methylenedioxy-phthalide (VII), CigHjgO^ {Borsche and Niemann, Ann. 499, 
69) or to the corresponding ketonic acid, CigHigOg, m.p. 216 ® (methyl ester 
m.p. 103®); the constitution of this acid has been established by de¬ 
carboxylation to 3:4:6-trimethoxy-3': 4 '-methylenedioxy-benzophenonc, 
CiyHigOg, m.p. 127® {Spath, Wessely and Nadler, Ber. 66, 126): 
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(c) ABOIKATIC COMPOUNDS 

Some of these compounds have been described in the sections 
dealing with the glycosides, the tannins and the natural colouring 
matters. 
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The resinous secretions of the so-called lac tree of the East (China, Indo¬ 
china, Siam, Burma), are used in the manufacture of varnishes; they often 
cause severe inflammations of the skin, but different people show very 
different sensitivity to their action {Majimay Ber. 68, 208). The chief 
constituents of this resin are urashiol^ laccol and thitslol (see p. 394): 


OH 


Pharmacological tests upon urushiol have shown that the physiological effect 
is decreased by methylation of the phenolic hydroxyl group and by saturation 
of the olefinic side-chain. The activities are in the following order: 





The influence ol the length of the alkyl side-chain is shown by the following 
series: 
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Several substances prepared from the fern Aspidium filix mas, such as 
flliclc acid (1) and flavaspidic acid (II) (see p. 399): 



(11) 
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have haemolytic prox>erties (PenneUif C. 1927 I 1855; Jodlbauer, Arch. Exp. 
PatL 164 (1931), 457); they are also poisonous to fish {Wasicky, ibid. 97, 
(1923), 454), and have an anthelmintic action {Rath, ibid. 141 (1929), 129). 

The bitter substances from the hop, Humulus lujmlua, viz. humiilone 
and lopulone (see pp. 400, 401), 
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are weak hypnotics and sedatives. 

Bottlerin^ a yellow colouring matter which is used in India under the 
name of “kamala” and is obtained from the seed capsules of Mallotus 
philippensis, causes paralysis of the motor nerves and respiratory centres 
(Dutt, J. 127, 2044); it has a fatal effect upon the frog*s heart {Dutt and 
Ooswami, J. Indian Chem. Soc. 5 (1928), 21), and has also proved to be a 
poison for earthworms {Naganmchi, C. 1923 III 270). The compound is a 
phenol; for degradations which show the presence in the molecule of a di- 
methyl-chromen nucleus, see McOookin, Reed and Robertson, J. 1937, 748. 

The glucosides phlorrhizin (p. 359), from the bark, and particularly from 
the roots, of various fruit-trees {Rosaceae), and salipurposlde (dchydro- 
phlorrhizin, p. 436), from species of Salix 
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cause strong glucosuria Charaux and Rotate, Bull. Soc. Chim. Biol. 13 
(1931), 814); the phenomenon can be used for a diagnostic test of the 
action of the kidney. 

Several pungent substances of the quinone group cause a more or less 
marked irritation of the mucous membranes. Plumbagin (p. 426), a hydroxy- 
methylnaphthaquinone from the root bark of the Indian shrub Plumbago 
rosea, is fatal to rats, guinea-pigs and frogs because of its action upon the 
respiratory system. 

The following compounds, which arc quinonoid natural colouring matters, 
are violent purgatives: perezone (p. 422), embelin (p. 422), the naphtha- 
quinone Juglonc (p. 426), the glucosides of hydroxy-anthraquinones, such 
as emodin (I) from alder bark (p. 429), rhein (II) from rhubarb (p. 429) and 
aloe-emodin (III) from senna leaves (p. 429): 



{Casparis and Maeder, C. 1925 II 1071; Kaufmann, Z. angew. Chem. 40, 
831); chrysophanic acid (IV) from Andira araroba has also an effect on the 
kidneys. 

The corresponding anthranol-glucosides (see p. 363) are also purgatives 
{Roaenthaler, Apoth.-Ztg. 47 (1932), 1167). 
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d) COUMARIN AND BENZOPYRAN DERIVATIVES^ 

Derivatives of Coumarin 


The nitrogen-free fish-poisons and insecticides which are classified in this 
group are peculiar to the families Butaceae and Umhelliferae, and are derived 
from coumarin. In most of them the coumarin skeleton is condensed with 
a furan ring. 

^il-Furocourmrin (psoralene) contains the basic structure of the following 
natural products: bergaptol (bergapten), xanthotoxin, isopimpinellin, 
peucedanm (oreoselone), imperatorin (iso-imperatorin), oxypeucedanin and 
ostruthol. 

Psoralene, CnHeOg, m.p. 170®, an isomer of angclicin (see below), was 
first isolated from the seeds of the Indian plant Psoralea corylifolia, which 
also contain angclicin {Jois, Manjunath and Boo, J. Indian Chem. Soc. 10 
(1933), 41). It is identical with ficusin from the leaves of Ficus carica {Spdth, 
Okahara and Kuffner, Ber. 70, 73; Jois and Manjunath, ibid. 434). That 
it is 6 : 7-furocoumarin was proved by Spath and his co-workers by con¬ 
densing malic acid with 6 -hydroxy- 2 : 3-dihydrocoumarone and dehydro¬ 
genating the resulting dihydro-psoralenc, m. p. 204®, with Pd (Ber. 69, 1087). 





O O 



Psoralene Dihydro-psoralene 


The active constituents of the oil of bergamot from Citrus hergamia, the 
root of which is used by the natives of the Togos as an abortifacient and 
as a fish-poison, are bergaptol (I), CiiHe 04 , m.p. 282® (Spath and Sodas, 
Ber. 67, 59), and its methyl ether, bergapten (heraclin) ^I), C 12 H 8 O 4 , m.p. 
191®. The latter has also been isolated from Heracleum sphondylium (Spath 
and Baschka, Ber. 67, 62). 

Fusion of bergapten with potash yields phloroglucinol, C 4 H 4 O 3 , m.p. 208®; 
one of the phenolic hydroxyls is methylated, a second is present in a lactone 
group, as is shown by hydrolysis to bergaptemc acid, CigHjoOg (methyl 
ether methyl ester m.p. 62®), while the third is in an ether group (Pomeranz, 
Mo. 12, 379). The formation of a tribromo-compound, Ci 2 H 704 Br 8 (idem, 
ibid. 14, 28), which is formed by substitution of one Br, and addition of 
two Br to a double bond, shows that the compound contains a condensed 
coumarin-furan system (I). Introduction of a nitro-group in the p-position 
to the methoxyl, giving nitro-bergapten, m.p. 230—260®, reduction to 
amino-bergapten, m.p. 198®, followed by oxidation with bichromate and 
sulphuric acid to the yellow quinone ( 111 ), C 11 H 4 O 5 , m.p. 260® (hydroquinone, 
CiiHgOg, diacetate m.p. 209®), confirms the above deduction (Thoms, Ber. 44, 
3327; Thoms and Baetcke, Ber. 45, 3706): 

HO 

methyl, 
demeth. 


The structures of bergaptol and bergapten have been completely established 
by the synthesis of the former from 3:4: 6 -triacetoxy-coumaran and Na- 
formylacetic ester (Spath and Kuhiczek, Ber. 70, 1263) and of the latter from 
apoxanthoxyletin (Howell &nd Bobertson, J. 1937, 293) and also by the meth- 
ylation of synthetic bergaptol (Spath, Wessely and Kuhiczek, Ber. 70, 478). 




^ For a summary of recent work see Spath. Ber. 70 A, 83. 
Bichter-Anschiitc ii. 32 
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The pods of Fagara xanthoxyloides contain, in addition to bergapten (II) 
the isomeric xanthotoxin (IV), C 12 H 8 O 4 , m.p. 146®, That this compound 
has the constitution (IV) is shown (a) by the presence of l:2:3-pyrogallol- 
4-carboxylic acid in the products of its alkali fusion; (b) by its conversion 
into nitroxanthotoxin, m.p. 233®, amino-xanthotoxin, m.p. 236®, and finally 
into the same quinone (III), m.p. 260®, as that obtained from bergapten (IV) 
{Thoms, Ber. 44, 3326; Thoms and Baetcke, Bor. 46, 3706); (c) by its 
synthesis from 6 :7-dihydroxy-coumaranone-3 {8path and PaiUr, Ber. fe, 677). 

Xanthotoxin is an active fish-poison, and like bergapten affects the 
central nervous system {Thoms, Ber. 44, 3331). 

Xanthotoxol, m. p. 261—262®, the phenol related to xanthotoxin, occurs 
in the seeds of Angelica Archangelica and has been synthesized {Spdth and 
Vierhapper, Ber. 70. 248). 

Angelicin, isopsoralene, CnHeOj, m.p. 142®, isolated from angelica root 
{Angelica ArcJiangelica) and from the wax of Psoraka corylifolia, is also a 
coumarin derivative. It is 7: 8 -furocoumarin, as shown by its oxidation 
with alkaline HgOg to furan- 2 :3-dicarboxylic acid, CeH 405 , and with KMn 04 
to 7-hydroxy-coumarin (umbelliferone) {Spath and Pesta, Ber. 67, 863). 

Angelicin has been synthesised from the Na salt of umbelliferone and 
bromacetal {Spath and PaiUr, Ber. 67, 1212): 



and from the Na salt of umbelliferone-aldehydo and iodoacetio acid (idem, 
Ber. 68 , 940). A synthesis different in principle, from 4-hydroxy-coumarone, 
is shown in the following scheme {Limaye, C. 1936 II 83): 



9^0H 


acet. anhyd. 
4 Na acet. 



Isobergapten (1), C 12 H 8 O 4 , m.p. 222®, pimpinellin and isopimpinellin, 
all of which are found it in PimpineUa saxifraga, are fish-poisons and deriva¬ 


tives of angelicin. 

Oxidation of isobergapten with alkaline H 2 O 2 gives furan-2:3-dicarboxylic 
acid. Reduction with Na amalgam opens the coumarin ring and reduces 
the double bond ap-to the carboxyl group, giving dihydro-isobergaptonic 


acid, C 12 H 12 O 5 , m.p. 147®, which is converted by rapid distillation into 
dihydro-isobergapten, CJ 2 HJ 0 O 4 , m.p. 146®. Since the monomethyl ether 
of dihydro-isobergaptenic acid (II) is identical with compound prepared 
in a similar way from bergapten (III), isobergapten can only have formula 
(I) {Wessely and Nadler, Mo. 60, 141). This is confirmed by the conversion 
of bergaptol into isobergapten by opening the lactone ring, methylating and 
then closing the lactone ring {Spath and Kuhiczek, Ber. 70, 1263). 
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Pimpinellin^ CigHioOj, m.p. 119®, is oxidised, like isobergapten, to furan- 
2:3-dicarboxylic acid. Similarly it jdelds a dihydro-compound, m.p. 88®, 
on reduction with Na amalgam. The action of dimethyl sulphate and alkali 
gives the methyl ester of the corresponding coumarinic acid. 

fOH 

CioHJcOOH 

l(OCHs)g 

From its reactions, pimpinellin is formulated as a methox3dsobergapten 
{Weaaely and KaUdb, Mo. 59, 161): 

CO 



For the constitutions of the two dimeric irradiation products of pimpi¬ 
nellin, m.ps. 238® and 267®, see Wessely and Dinjaski, Mo. 64, 131. 

Isopimpinellin (I), CuHioOg, m.p. 161®, which also accompanies iso¬ 
bergapten, has been synthesised from bergapten (III) via the quinone (II), 
as shown below, and hence has the constitution (I) {Weaady and Kallab, 
Mo. 69, 161): 



Nitro- 

bergaptene 

|Sn+HCl 

Amino- 

bergapteno 



Osthol (I), CigHieOg, m.p. 86®, is found together with oxypeucedanin 
and ostruthin in the poisonous Umbelliferae Imperatoria ostruthium and 
Archangelica off, {Bocker and Hahn, J. pr. 88, 243). It contains a double 
bond which can be reduced catalytically with Pd to dihydro-osthol m.p. 86®, 
and a double bond a/?- to a carboxyl group, which is reduced by Na amalgam 
to the dihydro-acid Ci 5 H 2 o 04 , m.p. 88®. The position of the methoxyl group 
was shown by the oxidation of osthol to 2-hydroxy-4-methoxy-benzoic acid, 
0 ^ 11804 , m.p. 166®, and the length of the side-chain by the degradation of 
the tetrahydro-compound, CjgHjoOg, b.p. 146—160®/0’006 mm., to isocaproic 
acid. Detaded investigation of ostholic acid (II), CigHigOg, m.p. 266® {Bute- 
nandt and Marten, Ann. 496, 189), which is formed together with acetone 
in the CrOj oxidation of osthol, finally established the carbon skeleton. The 
acid can be degraded via 7-methoxy-8-methyl-coumarin, C^jHigOg, m.p. 137®, 
and 2-hydroxy-4-methoxy-3-methylbenzoic acid, C 9 H 10 O 4 , m.p. 216®, to 
2 : 6 -dihydroxy-toluene, C 7 H 8 O 2 , m.p. 121®, and hence the contsitutions of 
ostholic acid and osthol must be those shown in formulae II and I (Spdth 
and Pesta, Ber. 66, 764). 


I 


\r!=f 




CrO, 


o 



>C=CH—CHa 


^‘%C0 HOOC—iiHs 

H,C/ 


The constitution of dihydro-osthol as 8-isoamyl-7-methoxyooumarin is 
confirmed by its synthesis from the 4-monomethyl ether of tetrahydro- 


32 * 
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tubanol (p. 604) by Pechmann’s method {8pdth, Takei and Miyajirm, 
Ber. 67, 262) and from tetrahydro-tubaic acid (Haller and Acree, Am. 66 , 
1389). The synthesis of osthol itself has been achieved by the conden¬ 
sation of resorcylaldehyde 4-methyl ether with yy-dimethyl-allyl bromide, 
followed by coumarin ring-closure by Perkin’s method (Spath and Holzm, 
ibid. 264). 

Osthenol, m. p. 124—126®, the phenol from which osthol is derived, also 
occurs in angelica root and on methylation gives osthol (Spdth and Brucky 
Ber. 70, 1023). 

The umbellifera Peucedanum off. contains peucedanin, (I), ^16 Ri 404> 
m.p. 109®, which inhibits fermentation and is a fish-poison, and its 
demethylated derivative, oreoselone (II), C 14 H 1 JO 4 , m.p. 174®. 

Peucedanin can be converted into oreoselone with HI. In a high vacuum 
tetrahydro-peucedanin loses the same methoxyl group as methyl alcohol 
and gives a furan derivative, desoxy-oreoselone, Ci 4 Hi 40 a, m.p. 126®. On 
reduction the 6 -membered oxygen ring of the latter compound opens to 
give a phenol, the oxidation of which yields the side-chain of the molecule 
as isocaproic acid (phenylhydrazide m.p. 138®) (Spdth and KlageVy Ber. 66 , 
749). 

Catalytic hydrogenation of oreoselone with Pd charcoal in alkali gives 
dihydro-oreoselonic acid (HI), Ci 4 Hie 05 , m.p. 174®, which closes the lactone 
ring again on vacuum distillation to dihydro-oreoselone, C 14 H 14 O 4 , m.p. 
171®. The reduced acid is oxidised by KMn 04 to succinic acid, m.p. 186®. 
Oreoselone does not give succinic acid on oxidation with HNOg, but styphnic 
acid (IV), CgHgOgNa, m.p. 170®, and peucedanin behaves similarly. The 
presence of a coumarin ring system, which is indicated by the two last reactions, 
is confirmed by the potash fusion of dihydro-oreoselone, which gives 7 -hydroxy- 
dihydro-coumarin (V), CpHgOa, m.p. 134® (idem, ibid.). 

Oxidation of oreoselone with KMn 04 to a-hydroxyi 8 obut 3 a*ic acid, C 4 Hg 03 , 
m.p. 71®, and a-resodicarboxylic acid (4:6-dih>droxy-i8ophtWic acid, VI), 
CgHgOg, m.p. 306®, discloses the position of the side-chain on the coumarin 
nucleus, and also the part it plays in the formation of a furan ring attached 
to the coumarin nucleus, as is shown in formulae (I) and (II) (Spath, Klager 
and Schloseer, Ber. 64, 2203): 



The glucoside nodakenin, m.p. 216®, [a]D H- 66-6® (water), 

from Peucedanum decursivumy which is used medicinally in China and Japan, 
can be hydrolysed into nodakenetin (I), Ci 4 Hi 404 , m.p, 186®, [a]D — 22*4® 
(monoacetate m.p. 130®), and glucose. 

Oxidation of the aglycdne with CrO, to umbelliferone-carboxylic acid (II), 
CioHeOa, m.p. 246®, the constitution of which is proved by degradation to 
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uinbelliferone, m.p. 231**, and by synthesis, and the rearrangement of its 
monobromo-substitution product into nodakilic acid (III), C 14 H 14 O 5 , m.p. 
216®, show the presence of a coumarin nucleus {Arimaf Bull. Chem. Soc. 
Japan 4 (1929), 16, 113): 



one mol. of water is lost and 
the product is anhydro-nodakenetin, Ci 4 Hi 208 , m.p. 139®, which is optically 
inactive. This takes up 2 Hg on catalytic hydrogenation, to give tetrahydro- 
anhydro-nodakenetin, m.p. 117®, which is identical with desoxo-dihydro- 
oreoselone. The hydroxyl group lost in the dehydration can only be attached 
to a methyl group of the isopropyl group; this hydroxyl is also the position 
of attachment of the glucose residue in the original glucosido (Spdth and 
Kainrath, Ber. 69, 2062): 




Nodakenetm 


Anhydro-nodakenetin 



Desoxo-dihydro-orcoselone 


Imperatorin (I), C 14 H 14 O 4 , m.p. 102®, and isoimperatorin [I]^, m.p. 109o , 
which accompany osthol in the root of Imperatoria ostruihium, contain a 
lactone group which is considered to be part of a coumarin skeleton, because 
it is oxidised by HNO3 to oxalic acid, and its hexahydro-compound 
is oxidised to succinic acid. Oxidation with HgOg gives furan-2:3- 
dicarboxylic acid, CeH 406 , m.p. 223®, which shows the presence of combined 
coumarin and furan rings. 

Fission of imperatorin and its isomer with acetic and sulphuric acids sets 
free the fourth 0 -atom, which is not ketonic, but forms an ether link be¬ 
tween the phenolic component and an unsaturated alcohol, C 5 H 10 O; this 
is common to both compounds and can be reduced to isoamyl alcohol 
(trinitrobenzoate m.p. 126®). The structure of this alcohol, and the position 
of the double bond in it, is further established by the formation of acetone 
(as dibenzalacetone m.p. 113®) by the action of CrOj upon the original 
substance. 

The phenol (II), CnH^O, m.p. 244®, obtained in this manner from im¬ 
peratorin, is oxidised to pyrogallol-carboxylic acid (2:3:4-trihydroxy- 


^ This implies the formula below with the addition of the substituent 
in square brackets. 
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benzoic acid), 0 , 11 * 05 , and gallocarboxylic acid ( 4 : 6 : 6 -trihydroxy-benzene- 
l:3-dicarboxylic acid), and is identified by its methylation to xanthotoxin, 
CiaHgO* (p. 498) {Spdih and Holzen, Bor. 66 , 1137). The position of the 
phenol ether oxygen atoni of the phenolic component of isoimperatorin 
[II=bergaptol], m.p. 277®, the methylation of which gives bergapten, 
GigHgO* (p. 497), has also been proved by the conversion of isoimperatorin 
into oxy-peucedanin (III) by means of perbenzoic acid {8pdth and Kakovec, 
ibid. 1146). 



CHg—CH—C(CH j)2 



HO .CHj—CH=C(CH j) 5 CH2-~CH=C(CH8)is. 


For the partial synthesis of imperatorin from the Na salt of xanthotoxol 
(cf. p. 498) and yy-dimethyl-allyl bromide, see Spdth and Holzen^ Ber. 68 , 
1123. 

Oxypeucedanin (I), Ci 5 Hi 405 , m.p. 142®, the chief poisonous constituent 
of Jmperatoria ostruthium, is a closely related natural coumarin. There 
are three oxygen atoms present in ether groups, two of which are on the 
aromatic nucleus of the molecule, as is shown by the oxidation with HgOg 
to furan-2:3-dicarboxylic acid, and by the isolation of phloroglucinol after 
potash fusion. The acetic-sulphuric acid fission of the substance, and the 
methylation of the resulting bergaptol, CiiHgO*, to bergapten (II; cf. also 
p. 497), proves the linear structure of the ring-system. The residue C 5 H 9 O 
which is split off contains the third oxygen atom in an ethylene oxide link, 
as is shown by the conversion of oxypeucedanin into the corresponding 
glycol, oxypeucedanin-hydrate, (HI), C 15 H 15 O 5 , m.p. 184® (diacetate m.p. 
136®), and by its rearrangement into the ketone iso-oxypeucedanin (IV), 
m.p. 148® (oxime m.p. 186®). The fact that the side-chain is branched follows 
from the CrOg-oxidation of oxypeucedanin hydrate to oxypeucedanic acid 
(V), CigHgO*, m.p. 265® (methyl ester m.p. 186®), and acetone, and by the 
degradation of iso-oxypeucedanin with HgOg to isobutyric acid {Butenandt 
and Marten^ Ann. 496, 196; Spath and Klagery Ber. 66 , 914): 


CHg—CO—CH(CH,)g 

6 



P.o, 


H,o, 


CH„—CH—C(CH8)2 

6 

0 } 


CHg—CH—C(CH3)2 
6 OH OH 




Oxy-peucedanin 


H 0 Ac-H,S 04 


CH,N, 


CrO, 


HOOO—CH(CHa)2 


OCH, 


CHg—COOH 0:C(CH8)2 

6 
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Ostnitholy C 21 H 2 O 7 , m.p. 137^ (acetate m.p. 125^), a further constituent 
of the extract of /mpemtoria, is hydrolysed by methyl alcoholic potash to 
angelic acid, CjHgOg, m.p. 43®, and a neutral compound, Ci^HigOe, m.p. 131®, 
which shows the properties of a coumarone-coumarin derivative; this has 
been shown to be identical with oxypeucedanin hydrate (see above). Since 
the original ester group is hydrolysed with comparative ease, ostruthol 
probably has the following constitution {Spath and v. Christiania Ber. 66 , 
1160): 


CH3 

OOC—C=CH.CH 8 
CHa—CH—C(CH ,)2 
6 OH 

\/\ 

10 



Ostruthin (I), Ci 0 H 22 O 3 , m.p. 119®, another constituent of Imperatoria 
ostruthium, resembles osthol in containing an olefinic side-chain attached 
to a coumarin ring. The action of Cr 03 upon its methyl ether, ^a)^24^3» 
m.p. 66 ®, removes part of the side-chain as 2 -methyl-^*-hepten- 6 -one, 
CaHi 40 , b.p. 170—173®, and leaves 7-methoxy-coumarin-6-aIdehyde (II), 
C 11 H 8 O 4 , m.p. 266® (oxime m.p. 228®); the constitution of the latter compound 
is established by its degradation via 6-cyano-7-methoxy-coumarin, m.p. 
282®, to 2-hydroxy-4-methoxy-6-cyano-benzoic acid (III). The position of 
the substituents on the aromatic nucleus of the molecule is also shown by 
energetic mcthylation with dimethyl sulphate followed by oxidation to 
4:6-dimethoxy-benzene-l:3-dicarboxylic acid. Oxidation of hexahydro- 
ostruthin with alkaline HjOg destroys the coumarin ring and gives an un- 
decanoic acid (4: 8 -dimethyl-nonanoic acid), C 11 H 22 O 2 ; this fact throws light 
on the structure of the whole side-chain {Butenandt and Marten^ Ann. 496, 
189; Bjidth and Klager, Ber. 67, 859). The reactions can bo explained by 
means of the following formulae: 



Derivatives of Bemo-pyran 

The active constituents of the poisons obtained from various tropical 
members of the jfamily Papilionaceae, such as rotenone, deguelin, tephrosin 
and toxicarol, differ from the fish and insect poisons discussed so far in 
containing a considerably more complicated ring-system. 

Rotenone, which is used in the East for fishing and as an arrow-poison 
{Oersdorff, Am. 68 , 1897), is obtained from Derris elliptica, a tropical Pa- 
pilionacea, and Milleltia tawaniana; it is identical with the Peruvian fish- 
poison “cube*’ from Lonchocarpua nicon {Clark, Science 70 (1929), 478), 
and the Brazilian timbo root {Jones, J. Washington Acad. Sci. 28 (1933) 36), 
and is one of the most active vegetable fish and insect poisons known 
{Kenkyujo, Brit. Pat. 239,483; Tattersfidd and Oimingham, Chem. and 
Ind. 46, 368; Oersdorff, Am. 62, 3440; Takei, Miyajima and Ono, Ber. 66 , 
1826). It is accompanied in derris and cube root by the compounds deguelin. 
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tephrosin and toxicarol, which are very similar in structure and have the 
same physiological action {Kariyone and Ataumif J. Pharm. Soc. Japan 
1928, no. 491, 6; Takei, Biochem. Z. 167, 1; Butenandt, Ann. 464, 263; 
La Forge and Smithy Am. 61, 2674). For their isolation and identification, 
see Boam and Cohn, J. Soc. Chem. Ind. 64 (1936), 42 T; 66 (1937), 91 T. 

Rotenone, C28H220e, dimorphous, I. m.p. 163®; II. m.p. 180®, contains 
two methoxyl groups and a keto-OToup which can enolise, since it forms an 
enol-acetate, m.p. 136® {Smith and La Forge, Am. 64, 2996; Butenandt and 
Hilgetag, Ann. 606, 168); the remaining three 0-atoms are inactive and 
must be present in ether links. With Pd and hydrogen one reactive double 
bond is reduced, giving dihydro-rotenone, C 2 sH 240 e, which exists in two 
forms, m.p. 164® (labile) and m.p. 216® (stable) {Takei, Koide and Miyajima, 
Ber. 68, 608). Energetic hydrogenation also reduces the keto-group to a 
methylene group to give dihydro-desoxy-rotenone, CasHggOg, m.p. 168® 
{Butenandt, Ann. 464, 266). Reduction of rotenone with Na amalgam 
destroys one centre of asymmetry {Haller and La Forge, Ann. 68, 3426) 
and at the same time opens an oxygen ring; for the product, rotenonic acid, 
C2jH240g, m.p. 209®, has a phenolic hydroxyl {Butenandt, Ann. 464, 266; 
La Forge and Smith, Am. 61, 2674) and still contains the double bond of 
rotenone, which can be reduced catalytically (dihydro-rotenonic acid, 
m*P* 206®). 

The action of alcoholic potash upon rotenone gives an aromatic fission 
product, tubaic acid (I), CuHjjOg, m.p. 128® {Takei and Koide, Ber. 62, 3030). 
Catalytic reduction of its double bond, which is the one present in rotenone, 
to dihydro-tubaic acid (II), Cjl 2 Hi 404 , m.p. 166® {Takei, Koide and Miyajima, 
Ber. 68, 1372), corresponds to the conversion of rotenone into dihydro- 
rotenone, because the latter with alcoholic potash gives the same dihydro- 
tubaic acid. Just as rotenone can be reduced to dihydro-rotenonic acid, 
via rotenonic acid, tubaic acid can be reduced and the ring opened with Na 
amalgam to the corresponding isodihydro-tubaic acid (III), m.p. 166®, which 
is converted by catalytic hydrogenation into tetrahydro-tubaic acid (IV), 
Ci 2 Hie 04 , m.p. 206® (diacetate m.p. 143®) {Takei, Miyajima and Ono, Ber. 64, 
1000; Haller and La Forge, Am. 64, 1988): 


\COOH 2H(Pd) 


H.C/ H 


OH 

-/SCOOH 


H3C/ 


^C.HaC OHi 


iCOOH 2H(Pd) 


HsCv I IV 


OH 

f^COOH. 


This series of reactions takes place with all derivatives of rotenone which 
contain the tubaic acid residue unchanged; e.g. with rotenol (idem, Ber. 66, 
279), rotenonic acid (idem, ibid. 1041), derrisic acid {Takei, Koide and 
Miyajima, Ber. 68, 1370; Takei, Miyajima and Ono, Ber. 64, 248, 1000) 
and derritol (idem, ibid.). Tubaic acid and its reduction products, which 
have been shown to be derivatives of resorcinol by fusion with potash (idem, 
ibid.), can be decarboxylated to the corresponding tubanols (tubanol, 
OX 1 H 12 O 2 , liquid; dihydrotubanol, m.p. 68®; tetrahydrotubanol, m.p. 86®); 
the carbon skeleton in these compounds has been established by the synthesis 
of tetrahydro-tubanol (2:6-dihydroxy-isoamyl-benzene) from 2:6-dimethoxy- 
benzonitrile and isobutyl-magnesium-bromide {Haller, Am. 64, 4766). 

The presence of the terminal double bond in the side chain is confirmed 
(a) by ozonolysis of acetyl-tubaiq acid, CigHjgOg, to the acetate of the keto- 
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carboxylic acid CijHioOj, m.p. 146® {Kariyone^ Kondo and Makabe^ J. Pharm. 
Soc. Japan 48 (1928), 87; Takei and Koide, Ber. 62, 3030; Haller and 
La Forge, Am. 58, 4460), and (b) by ozonolysis of the methyl ether of tubanol, 
C 12 H 14 O 2 , m.p. 116—117®, with the loss of one C-atom to a methyl ketone 
methyl ether, C 11 H 12 O 3 , b.p. 126—127®/7 mm. {Takei and Koide, Ber. 62, 
3030), which with iodine and alkali yields the acid, C 10 H 9 O 4 I, m.p. 140®. 
Permanganate oxidation of tubaic acid gives tubadiolic acid Ci 2 Hi 40 e, m.p. 
201® {Takei, Miyagima and Orio, Ber. 65, 279). The side-chain of the phenolic 
nucleus, cyclised in tubaic acid to a hydrofuran ring, has been isolated as 
isobutyl-acetic acid by oxidising tetrahydro-tubaic acid with KMn 04 {Takei, 
Koide and Miyajima, Ber. 63, 1372; &, 1041); dihydro-tubaic acid under 
the same treatment gives isobutyric acid, and the isopropenyl group of 
tubaic acid appears as acetic acid {Takei and Koide, Ber. 62, 3030). 


OH OH 



. The terminal double bond of tubaic acid migrates into the ring under the 
influence of cone. H 2 SO 4 or by potash fusion, giving isotubaic acid (rotenic 
acid), Ci 2 Hi 204 , m.p. 184® {Takei, Koide and Miyajima, Ber. 63, 608); its 
constitution is proved by degradation to isotubanol (roteol), C 11 H 12 O 2 , m.p. 
60®, resorcinol and isovaleric acid (idem, ibid. 1369; Takei, Miyajima and 
Ono, Ber. 64, 1000), and to isobutyric acid {Butenandt and Hilde^randt, 
Ann. 477, 263). It has been synthesised from 6 -isopropyl-furfural and sodium 
succinate, by treating the isotubanol formed with CO 2 and Na methoxide, 
and hence it must be 2-isopropyl-4-hydroxy-coumarone-6-carboxylic acid 
{Reichstein and Hirt, Helv. 1933, 16, 121). The furan ring is considerably 
more stable to Na amalgam, and the double bond is more difficult to reduce 
than with tubaic acid; the centre of asymmetry which is lost in its formation 
appears again when it is reduced to dihydro-rotenic acid, C 12 H 14 O 4 , m.p. 
166®, which is identical with dihydro-tubaic acid (formula II, p. 604). This 
type of isomeric change (cf. Butenandt and Hildebrandt, Ann. 477, 246) 
also takes place with rotenone and its derivatives, e.g. with rotcnol {Haller 
and La Forge, Am. 53, 2271), dehydro-rotenone, derrisic acid, and derritol 
{La Forge, Haller and Smith, Am. 58, 4400); this is further support for the 
presence of the tubaic acid residue in the rotenone molecule. Similarly, the 
action of sulphuric and acetic acids on rotenone gives isorotenone, 023 ^ 2204 , 
m.p. 178® {Takei, Biochem. Z. 157, 4; Ber. 61, 1003; Takei, Miyajima and 
Ono, Ber. 64, 1000; Butenandt and Hildebrandt, Ann. 477, 248), which jdelds 
the inactive rotenic acid with alcoholic potash; the latter is also formed 
directly by fusion of rotenone with potash. 

Another striking rearrangement which is also brought about by cone. 
H 2 SO 4 is that of rotenonic acid, C 23 H 24 O 3 , (in which the furan ring is 
opened) to )5-dihydro-rotenone, m.p. 166® {Haller, Am. 53, 733; Takei, 
Miyajima and Ono, Ber. 66 , 479, 1826). This also involves the tubaic acid 
half of the rotenone molecule, and a pyran ring is formed (cf. deguelin, 
p. 609). 
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This formula is in complete agreement with the reactions of the tubaic acid 
residue already described, such as the formation of dihydro-rotenono, 
rotenonic acid, dihydro-rotenonic acid, isorotenone and / 3 -dihydrorotenone. 
Dihydro-desoxy-rotenone has formula (II). 

With iodine and potassium acetate or with air and alkali, rotenone gives 
two stereoisomerio rotenolones, CgjHjjO,, m.ps. 141® and 210® (oxime m.p. 
176®, see La Forge and Smithy Am. 52, 3603; La Forge and Hallery Am. 66 , 
1620; Takeiy Miyajima and OnOy Ber. 66 , 479), which readily lose water 
with alcoholic sulphuric acid to give the yellow dehydro-rotenone (Ill), 
CssHjoOe, m.p. 224®; this compound has lost the two adjacent centres of 
asymmetry {Takeiy Biochem. Z. 157, 13; La Forge and Smithy Am. 52, 1091; 
Takeiy Miyajima and OnOy Ber. 64, 248; 65, 1041), and can also be prepared 
by direct dehydrogenation of rotenone with iodine. Further oxidation with 
CrOg or HNOg attacks the methylene group which is activated by the ad¬ 
jacent double bond, and gives a doubly unsaturated deep yellow diketone, 
rotenonone (IV), Cg,Hi 807 , m.p. 298® {Butenandty Ann. 464, 267). 

If rotenone is reduced with Zn and alkali the y-pyrone ring of rotenone 
is (^ned and the product is rotenol (V, below), C 28 H 24 O 8 , m.p. 121® (idem, 
ibia. 258; La Forge and Smithy Am. 52, 1088; Takeiy Miyajima and Ono, 
Ber. 65, 279); its oxidation with yields tubaic acid and netoric acid (VI), 
0, m.p. 92®, anhyd. m.p. 131® (see idem, ibid.), which has been 
synthesised {Robertson and Rushy, J. 1986, 212). 
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Netoric acid is oxidised by permanganate to the ketone (VII), CuHigOi, 
m.p. 121 ® (G:7-dimothoxy-benzo-2:3-dihydro-y*pyrone). Similarly, rotenone 
is oxidised by alkaline HjOg to dehydro-netoric acid (toxicaric acid, see 
p. 610), C 12 HJ 2 O 5 , m.p. 212 ®, probably via the tautomeric dehydro-rotenol 
{Butenandt and Hilgetag, Ann. 606, 168). 

Alcoholic potash opens the a-pyrone ring of the rotenonone molecule, which 
is the less stable, giving rotenononic acid (VIIT), C 28 H 20 O 8 , m.p. 260® ( Takei, 
Biochem. Z. 167, 6; Butenandt^ Ann. 464, 268; Butenandt and McCartney, 
Ann. 494, 17); this is degraded by HjOg to tubaic acid and abutic acid (IX), 
CijHjoO^, m.p. 264® {Takei, Miyajima and Ono, Ber. 66, 1041). 

Hydrolysis of dehydro-rotenone, which has been mentioned already, 
opens both condensed oxygen rings to give derrisic acid (X), C 23 H 24 O 8 , 
m.p. 162® {Butenandt, Ann. 464, 261; Butenandt and Hildebrandt, Ann. 477, 
249; Takei, Miyajima and Ono, Ber. 64, 248). This compound has been 
identified by oxidation with HgOg or KMn 04 {Takei, Koide and Miyajima, 
Ber. 68 , 1370; Takei, Miyajima and Ono, Ber. 64, 248, 1000; Butenandt 
and McCartney, Ann. 494, 17) to tubaic acid and derric acid (XI), C 12 H 14 O 7 , 
m.p. 171® (dimethyl ester m.p. 66 ®), and conversion of the latter into risic 
acid (XII), CijHi 207 , m.p. 262® (dimethyl ester m.p. 84®), and decarboxy-risic 
acid, CjoHjoOg, m.p. 116® (met%l ester m.p. 46®) (see La Forge and Smith, 
Am. 62. 2878; La Forge, Am. 63. 3896). Both derric acid {Robertson, J. 1934, 
1380) and risic acid (idem, ibid.; Takei, Miyajima and Ono, Ber. 65, 1042) 
have been prepared synthetically. 

When rotenone is treated with Zn and alkali, in addition to the formation 
of rotenol, an interesting and typical fission takes place: two carbon 
atoms are lost, possibly as acetalaehyde, giving derritol (XIII), C 2 iH 220 «, 
m.p. 161® {Butenandt, Ann. 464, 269), which can be obtained in another 
way from rotenonone by hydrolysis with alcoholic KOH, oxalic acid being 
lost. The enol form of derritol is converted by distillation in a high vacuum 
into a furan derivative, anhydro-derritol, C 21 H 20 O 5 , m.p. 160® {Smith and 
La Forge, Am. 64, 2996). Oxidation of derritol methyl ether gives tubaic 
acid, while the methoxylated component is isolated as homo-asaronic acid 
(XIV), CHH 14 O 4 , m.p. 93®; KMn 04 converts this into asaronic acid (XV), 
C 10 H 12 O 5 , m.p. 143®, which is 2:4:5-trimethoxy-benzoic acid (idem. Am. 52, 
4696; 63, 3072; Takei, Miyajinm and Ono, Ber. 64, 1000; 279). 
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The synthesis of rotenone derivatives has been carried out from synthetic 
homo-asaronic acid and tetrahydro-tubaic acid via tetrahydro-derritol methyl 
ether (idem, Ber. 66, 1041), which is condensed with oxalic ester to roten- 
onone (idem, ibid.), or with bromacetic ester to give derrisic acid {La Forge, 
Haller and Smith, Am. 68, 4400), which is cyclised to dehydro-rotenone 
{Takei, Miyajima and Ono, Ber. 66, 1041). 

Experiments on the toxicity of rotenone and its derivatives show that 
0*00001% of rotenone and 0*0001% of hydrorotenone are poisonous, while 
isorotenone is almost without action. Experiments have also been carried 
out with some of the acid derivatives, which are active at the following 
concentrations; 0*0006% rotenic acid, 0*001% hydrotubaic acid, 0*006% 
of tubaic acid {Takei, Koide and Miyajima, Ber. 63, 611, 1371; cf. Oersdorff, 
Am. 62, 6061). The toxicity of the natural products which accompany 
rotenone is for toxicarin 66%, for dcguelin 66%, and for tephrosin 23% of 
the activity of rotenone {Oersdorff, Am. 63, 1897). 

Dcgruelin (I, p. 608), CjjHjaOg, m.p. 171®, is found as a constituent of 
several tropical plants poisonous to fishes, e.g. in derris and cube roots, in 
the leaves of Gracca {Tephrosia) Vogelii and toxicaria {Clark, Science 71 
(1930), 396; Am. 62, 2461; Butenandl and McCartney, Ann. 494, 17; 
Butenandt and Hilgetag, Ann. 496, 172). 

Like the isomeric rotenone, deguelin ean be oxidised with potassium 
ferricyanide to dehydro-deguelin (II), Ca^H^oOe, m.p. 233®, which is converted 
by alcoholic potash into deguelinic acid (III), C23H24O8, m.p. 189®, analogous 
to derrisic acid {Clark, Am. 63, 313). The methoxylated aromatic component 
is the same as in rotenone, since oxidising agents such as HjOg give derric 
acid, CijH] 407, m.p. 171® (see above; Butenandt, Ann. 464, 263; Clark, 
Science 73 (1931), 17), and KMn04 yields risic acid, CiiHi207, m.p. 262® 
(see above; Clark, Am. 53, 2369). 

The constitution of the half of the molecule which corresponds to tubaic 
acid in rotenone was disclosed by the catalytic reduction of dehydro-deguelin 
to dihydro-dehydro-deguelin (IV), OssH gOg, m.p. 267® (idem, ibid.). This 
compound was found to be identical with dehydro-jS-dihydro-rotenone, in 
which the hydrofuran ring of the tubaic acid acid component is enlarged to 
a pyran ring {Clark, Am. 68, 729; cf. also Takei, Miyajima and Ono, Ber. 66, 
1826). Dehydro-deguelin can be oxidised with CrOs to dehydro-deguelone, 
CggHiaO,, a yellow compound m.p. 292®, the analogue of rotenonone. 

Oxidation of dehydro-deguelin with permanganate gives both aromatic 
components: 2-hydroxy-4:6-climethoxy-benzoic acid fV), CjHjoOs, m.p. 
213® {Clark, Am. 63, 2007, 3431), and niconic acid (VI), CijHuOg, m.p. 196® 
(idem, Am. 64, 3000). When heated, the latter gives a-hydroxy-isobutyric 
acid, m.p. 79®, and 2:6-dihydroxy-phthalic acid, m.p. 162®. 

These reactions and the relationship of deguelin to rotenone are shown 
in the formulae on p. 608. 

Tephrosin^ hydroxy-deguelin, (I) (p. 608, bottom row), C88H22O7, m.p. 198®, 
is found with rotenone, deguelin and toxicarin in derris and cube roots, 
and with deguelin in the leaves of Cracca {Tephrosia) Vogelii {Clark, 
Science 78 (1931), 17). 

Its constitution could be established with comparative ease because it 
is converted by sulphuric and acetic acids into dehydro-deguelin (II), 
C^sHgoOe, m.p. 233®; this process is similar to the dehydration of rotenolone 
to dehydro-rotenone. The reactive double bond of tephrosin is shown to 
be in the ring by the oxidation with permanganate to two isomeric yellow 
tephrosin-dicarboxylic acids (III), CggHjgOu, m.ps. 221® and 177® {Clark, 
Science 71 (1930), 396; Am. 63, 729), which in boiling diphenyl ether break 
down to a-hydroxy-isobutyric acid and tephrosin-monocarboxylic acid (IV), 
Ci2Hi408, m.p. 269® (see Clark, Am. 64, 3000; cf. formulae on p. 608). 

Hydrolysis of tephrosin-di- and -monocarboxylic acids opens simultan¬ 
eously both of the remaining oxygen rings in the molecule {Clark, Am. 66, 
769), and corresponds to the conversion of dehydro-rotenone into derrisic 
acid (cf. under rotenone). 
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Tephrosin is often accompanied by a stereoisomer, isotephrostn^ m.p. 262® 
{Clark and Ctahom, Am. 64, 4464). Since both isomers are dehydrated 
to the same dehydro-deguelin, m.p. 233® {Clark, Am. 68 , 729), the isomerism 
of tephrosin and isotephrosin seems to be similar to that of the rotenolones 
obtained from rotenone and iodine, and probably arises from the hydration 
of the dehydro-compound in two directions {Clark and Clahom, loc. cit.). 

The conclusion that tephrosin and its isomer are hydroxy-deguelins finds 
further support in their formation from deguelin by atmospheric oxidation 
in alkaline solution {Takei, Miyajima and Ono, Ber. 66 , 1826). 

Toxicarol (I), € 23112207 , m.p. 220®, the chief poisonous constituent of the 
South American plant Cracca {Tephrosia) toxicaria, is a fish-poison and is 
also found with rotenone in derris and cube roots. It is an isomer of 
tephrosin. While the latter compound is a hydroxy-derivative of deguelin 
of the rotenolono type, toxicarol has the hydroxyl on the methoxyl-free 
aromatic nucleus. This makes it difficult to identify the carbonyl group 
in the adjacent y-pyrone ring (I), and also causes the compound to enolise 
very readily; the free enol form (II), m.p. 160—170®, can be isolated from the 
diacetate, m.p. 236®. A further consequence is that the ring opens readily with 
alkali to the tautomeric, optically inactive form (III) (monoacetate, m.p. 182*6®): 
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In the reactions of both the condensed oxygen-rings toxicarol closely 
resembles rotenone, deguelin and tephrosin. For example, it can be degraded 
via dehydro-toxicarol, C 23 H 20 O 7 , m.p. 234® (monoacetate m.p. 236®, see Clark, 
Am. 62, 2461; 68 , 2264; Butenandt and Hilgetag, Ann. 496, 176), and toxi- 
carolic acid, C 23 H 24 O 9 , to risic acid, C 11 H 12 O 7 , m.p. 262® (see pp. 607, 611) 
{Clark, Am. 64, 1600), and with nitrous acid it gives toxicarolone, C 2 «H 2 oOg, 
m.p. 284® {Butenandt and Hilgetag, Ann. 496, 176). The double bond which 
can be hydrogenated is in the side-chain of the second aromatic component, 
as in rotenone, and the keto-group of dihydro-toxicarol, C 23 H 24 O 7 , m.p. 209® 
(diacetate m.p. 240®; see Clark, Science 71 (1930), 396) can be reduced to 
form dihydro-desoxy-toxicarol, € 23112303 , m.p. 188® (monoacetate m.p. 166®, 
see Clark, Am. 63, 2264). This side chain has been shown to be present as 
a dimethyl-chromen ring, as in deguelin {Bridge, Hayes and Robertson, 
J. 1987, 279; Oeorge and Robertson, ibid. 1636). 

The influence of the phenolic hydroxyl in the ortho-position to the 
carbonyl is shown, however, in the ease with which the y-pyrone ring of 
dehydro-toxicarol is opened by H 2 O 2 to dehydro-toxicarol-carboxylic acid (II, 
p. 611), m.p. 230®; oxidation of the dihydro-compound of the latter yields 
as final product risic acid (III), €nHi 207 , m.p. 262® {Clark, Am. 64, 1600). 

The phenolic hydroxyl appears to be of particular significance for a 
characteristic abnormal reaction of toxicarol with alcoholic KOH, which 
splits off the €5 chromen ring and gives apotoxicarol (IV), € 13111307 , 
m.p. 247® (triacetate m.p. 206®) {Clark, Am. 64, 2637). Further oxidation 
of the latter gives hydroxy-netoric acid (V), €i 2 Hi 403 , m.p. 189®, and its 
dehydration product, dehydro-netoric acid (toxicaric acid), €i 2 Hi 205 , m.p. 
212®, which can be reduced to netoric acid, €i 2 Hi 405 , m.p. 87® and 131® 
(idem, ibid.). The constitution of these three acids has been confirmed by 
their synthesis {Robertson and Rushy, J. 1986, 212). 

Just as deguelin can be converted into tephrosin, toxicarol, which is 
hydroxy-deguelin, undergoes .atmospheric oxidation in presence of alkali 
to 7-hydroxy-toxicarol (VI), € 32112208 , m.p. 227® {Clark, Am. 66 , 987). 
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The active principle of hashish, from Indian hemp, Cannabis indicay is 
cannablnol (I), C 2 iH 2302 , b.p. 263—264®/20 mm., [a]D —108®, which is a 
narcotic with an action similar to that of opium {Schneider, J. Amer. Pharm. 
Assoc. 12 (1923), 208). 

The compound is phenolic (methyl ether m.p. 66 ®; acetate m.p. 76®, see 
Cahn, J. 1981, 630), and the difficulty of methylation of the hydroxyl 
indicates that it is next to the second oxygen atom, which forms part of a 
ring {Cohn, J. 1982, 1342). KMn 04 oxidises away the phenolic part of the 
molecule and gives n-caproic acid and cannabinolactone (II), Cn HJ 2 O 2 , 
b.p. 166®/16 mm. {Bergel, Ann. 482, 66 ; Cahn, J. 1980, 986). The constitution 
of the latter was established by its conversion into cannabinolactonic acid, 
CiiH,o 04 , m.p. 206® (by oxidation of CH 3 to COOH), and trimellitic acid, 
m.p. 220® (Cahn, J. 1982, 1342), and also by potash fusion to ra-toluic acid 
and isophthalic acid; it has been confirmed by its synthesis {Bergd and 
Vdgele, Ann. 498, 250). The dinitro-cannabinol, C 2 iH 2 i 03 Ng, m.p. 183®, 
obtained from the methyl ether of cannabinol, is nitrated in the phenolic 
nucleus by nitric acid in acetic acid to give trinitrocannabinol, C2xH2sOgN3, 
m.p. 160®, because the methyl ether, m.p. 160®, of the latter can be degraded 
with cone, HNO3 to dinitro-cannabinolactone, CuHioOgNg, m.p. 161® {Cahn, 
J. 1981, 630). 

The whole molecule contains 21 C-atoms, of which eleven are in the 
skeleton of cannabinolactone, while six are isolated as caproic acid. Hence 
it follows that the carbonyl groups in each of degradation products arise 
from the oxidation of the phenolic component; this is shown in the following 
tentative formulae: 



EMnO« 
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The aotion of HCl in acetic acid at a high temperature on acetyl-cannabinol 
leads to the loss of the isopropyl group and the formation of 3-methyl- 
6'-amyl-2':3'-dihydroxy-diphenyl, CigHjaOj, m.p. 62® {Cahn, J. 1988, 1400). 

Complex Carbocylic Eing Systems 
This group includes the many saponins, which are widely distributed 
in nature, and the toad-jwisons. 


e) THE SAPONINS 

The saponins are plant substances with a marked tendency to 
form foams (their name is derived from sapo, soap); they mostly 
contain sugars, and their aglycones, the “sapogenins”, are derived 
from polycyclic ring systems. They give characteristic colour re¬ 
actions with cone, sulphuric acid, acetic anhydride, etc., and many 
give difficultly soluble molecular compounds with sterols (e.g. choleste¬ 
rol, see WindauSj Ber. 42, 238; Z. physiol. Chem. 66, 110; Eiesenfeld 
and Lummerzheim, ibid. 87, 270; Halberkann, Biochem, Z, 19, 310; 
Kofler and Eaum, ibid. 219, 335), and with phenols and alcohols 
{WindaiLS and Weinhold, Z. physiol. Chem. 126, 299). 

The saponins are remarkable for the many kinds of physiological 
activity which they possess. One of their most striking properties is 
their haemolytic action (for their detection in plants see Fischer, 
Mo. 56, 282), which was shown by Eansom (1901) to be increased 
by cholesterol (Kofler and Schrutka, Biochem. Z. 159, 327); according 
to WindaiLs (Ber. 42, 238; Euzicka and van Veen, Z. physiol. Chem. 
184, 73) this phenomenon depends upon the complex formation 
mentioned above (see Schulman and Eideal, Proc. Roy. Soc. B. 122,29). 

The intensity of haemolysis runs parallel to their irritating effect on the 
eyes, to their taste and to their toxic effect on fish (Kofler and Schrutka, 
Biochem. Z. 159, 327), as is shown in the table: 


Thea-saponin 
Cyclamin .. 
Primulic acid 
Senegin 


Haemolysis 

limit 

1:1,000,000 
1 : 400,000 
1: 190,000 
1 : 60,000 


Aesculin .. 
Hederagin.. 
Glycyrrhizin 


Haemolysis 

limit 

. 1:60,000 
. 1:60,000 
. 1: 4,000 


Eye Irritation Taste Fish Index 


Digitonin . 230,000 380,000 200,000 

Primulic acid. 110,000 260,000 36,000 

Sapindus saponin. 3,600 200,000 10,000 

Aesculin. 1,000 130,000 1,800 

Gypsophila saponin . 900 80,000 580 


The saponins are fatal to various lower animals such as trypanosomes, 
paramaecians, etc. Tubercle bacilli lose their stability to acids (Z. Bact. 89, 
I, 164; Wyss, C. r. 177, 719), but other bacteria are to some extent aided in 
their development. Saponins catalyse the fermentation of sugar by yeast, 
but in the presence of the salts of uni- and divalent cations they hinder or 
prevent this process (Boas, Biochem. Z. 117, 177; 129, 144). They also have 
an important influence on other enzymes: e.g. they promote the action of 
urease and the hydrolysis of fats by pancreas lipase, but hinder the action 
of ricinus lipase. The destructive action of pepsin and trypsin upon insulin 
is checked by the saponins (Lasch and Brugel, ibid. 181, 109), while rennin 
inactivated by charcoal regains its original activity in their presence 
(Johnson-Blohm, Z. physiol. Chem. 82, 178). 
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The saponins are used to produce foams in fire-extinguishers, and as 
mild, non-alkaline detergents. Plant extracts containing saponins are used 
medicinally as expectorants. 

To isolate the saponins, the fat is first removed from the plant 
material and the residue extracted with water or alcohol. Enzymatic 
hydrolysis often takes place at this stage, so that the actual saponin 
(glycoside) can only be isolated under special conditions (Stoll and 
KreiSy C. 1933, II 1878; Stolly Kreis and HofmanUy Z. physiol. Chem. 
222, 24). They can often be purified by means of their Ba, Mg and 
Pb salts, or by precipitation with tannic acid, or dialysis (Kofhr 
and Wolkenburg, Biochem. Z. 160, 398). 

The ease with which the saponins are hydrolysed into the sapogenins 
and sugar varies; in some cases treatment with organic acids is 
sufficient (Winterstein and Blau, Z. physiol. Chem. 76, 410), but 
usually 5—10% mineral acid is necessary, while a few must be heated 
in an autoclave. Sometimes hydrolysis can be carried out with 
enzymes (Bdck, Biochem. Z. 86, 223), while another process uses 
oxidative fission with H 2 O 2 (Winterstein, Z. physiol. Chem. 199, 25; 
Germ. Pat. 275,048). Glucose, rhamnose and xylose have been 
isolated as the sugar components, and it has been shown that in 
general the hexoses are more readily eliminated than the pentoses. 

Determination of the constitution. In many cases the action of 
oxidising agents breaks down the carbon ring-system. Distillation 
with Zn dust gives various hydrocarbons (van der Hoar, Ber. 66, 
1054; Rec. 43 (1924), 542), but here, as in other cases, selenium is 
a much better dehydrogenating agent than Zn ( Ruzicka and van Veen, 
Z. physiol. Chem. 184, 09; Ruzicka, Huyser, Pfeiffer and Seidel, Ann. 
471, 21; Ruzicka and van Veen, Rec. 48 (1931), 1018). On such 
treatment some of the saponins and their derivatives give the hydro¬ 
carbon sapotalene, (1:2:7-trimethyl-naphthalene, picrate m.p. 131*5®, 
styphnate m.p. 160®, see Spdth and Homolka, Mo. 60, 117; Ruzicka, 
Hosking and Wick, Helv. 14, 811; Ruzicka and Ehmann, Helv. 16, 
141); this compound is also obtained from members of other groups 
of compounds, such as the resin acids (abietic acid, elemic acid, p. 349 
etc.) and the pentacyclic triterpene alcohols, such as amyrin, betulin, 
lupeol (p. 338), etc. (Ruzicka and van Veen, Z. physiol. Chem. 184, 
69; Winterstein Sbud Wiegand, ibid. 199, 46; Winterstein Hammerle, 
ibid. 56; Winterstein and Egli, ibid. 202, 207; Winterstein and Stein, 
ibid. 222; Ruzicka and collaborators, Helv. 16, 431, 1496). A second 
group of saponins is dehydrogenated by Se to “Diels* hydrocarbon’*, 
CisHig, 3-methyl-cyclopentenophenanthrene, which shows the pre¬ 
sence of the tetracylic cholane skeleton (Jacobs and Simpson, Am. 
66, 1424; J. Biol. Chem. 106 (1934), 501). 

The saponins can therefore be divided into two classes^: (1) those 
which give sapotalene, i.e. the triterpenoid group, such as aesculin, 
boswellinic acid, camellia saponin, cyclamin, glycyrrhizin, gypsophila 
saponin, hederin, oleanolic acid, quillaic, sia- and suma-resinolic 
acids, ursolic acid, etc., (2) the saponins of the cholane group: tigonin, 
gitonin, digitonin and sarsaponin (pariUin). 

^ See R. Tschesche, Chemie der pflanzlichen Herzgifte, Krdtengifte und 
Saponine der Cholangruppe: Ergebn. d. Physiol. 38 (1936), 31. 

Blchter-Anschiitz il. 33 
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I. Saponins of the Triterpenoid Group 


Several of the sapogenins derived from the saponins of this group are 
known to be closely related to one another, while with others the precise 
interrelationships have not yet been established, although the products they 
give on dehydrogenation show that they belong to the triterpene class. The 
compounds about which we have the most detailed knowledge are hedera- 
genin, oleanolic acid and gypsogenin, and for these the main carbon skeleton 
and the positions of most of the reactive groups has been established, mainly 
owing to the work of Ruzicka and of Kitasato. These three compounds 
will be described first and their constitution discussed in detail; then the 
other members of the group will be mentioned more shortly. 

Hederln (aralin, sapindus- or kalo-saponin), C 4 iHg 40 ii, m.p. 266®, is a 
characteristic constituent of the Araliaceae group, such as ivy, Hedera hdix 
(van der HaaVy Arch. Pharm. 260 (1912), 424; 261 (1913), 632), Araliajaponica 
(Winterstein and SteiUy Z. physiol. Chem. 211, 5), Kalopanax ricinifolius 
(Kotake and Taguchi, C. 1932 I 2332), and of certain species of Sapindus, 
such as Sapindus mukorossi (Winterstein and Meyer, Z. physiol. Chem. 199, 
37; Kitasato and Sone, Acta phytochim. 6 (1932), 179). Acid hydrolysis 
of the saponin gives rhamnose, arabinose and hoderagonin, C30H4A 
(C 31 H 5 QO 4 ; idem, ibid. 7 (1933), 1 ), m.p. 331®, [ajn H- 70® (diacetate m.p. 176®; 
methyl ester m.p. 237®, see van der Haar, Ber. 64, 3142; 66 , 1064; diacetyl- 
ester m.p. 190®, see Jacobs, J. Biol. Chem. 08, 621; van der Haar, Rec. 40 
(1927), 28; Kotake, Taguchi and Okamoto, C. 1933 11 1879). 

Oleanolic acid, C 3 oH 4 « 03 , m.p. 306®, [a]j) + 80®, is one of the most widely 
distributed saponins (Winterstein and Stem, Z. physiol. Chem. 199, 64; 
Ruzicka and collaborators, Helv. 16, 431, 472). It is found in numerous 
plants, often combined with glucuronic acid (van der Haar, Rec. 40 (1927), 
776), as in olive leaves (Wedekind and Schicke, Z. physiol. Chem. 198, 181), 
in sugar beet, in cloves (“caryophyllin”, see Smolenski, ibid. 71, 266), in 
species of Viscum (Winterstein and Hdmmerle, ibid. 199, 66 ), in guaiac bark 
(“guagenin”, see van der Haar, Biochem. Z, 76, 336; Wedekind and Schicke, 
Z. physiol. Chem. 196,132), in Panax repens (“panaxin”, see Murayama and 
Itagaki, J. Pharm. Soc. Japan 1923, 63), and in species of Aralia (van der 
Haar, Ber. 66 , 3041; Winterstein and Stein, Z. physiol. Chem. 211, 6 ), etc. 

Gypsophila saponin (albasaponin, saponalbin) which occurs in Gypsophila 
arrostii and panniculata (Bolley, Ann. 90, 211; Kofler and Dafert, Ber. 33, 
216) contains as aglycone gypsogenin, C 30 H 43 O 4 , which sinters at 240® 
and melts at 268—271® (Ruzicka and Oiacomello, Helv. 20, 299). When treated 
with acetic anhydride, it gives two isomeric acetates; one, m.p. 176-177®, 
seems to be the true acetyl derivative of the secondary alcoholic group 
common to these sapogenins, while the other, m.p. 262®, is no longer a 
carboxylic acid like gypsogenin itself, and lactonisation must have taken place. 

These three sapogenins all contain one carboxyl group, one double bond 
one secondary alcoholic group. The double bond is unreactive and is not 
attacked by catalytic reduction, but its presence is deduced from the fact 
that with strong mineral acids the compounds are converted into isomeric 
saturated lactones, while with bromine the product is a saturated broino- 
lactone; thus hederagenin gives hederagenin-lactone, m.p. 366® (diacetate, 
m.p. 244®) and bromohederagenin-lactone, C 3 oH 4704 Br, m.p. 288® (diacetate 
m.p. 233®), and oleanolic acid gives oleanolic lactone, m.p. 366®, and the 
bromolactone, C 3 oH 4703 Br, m.p. 242® (Winterstein and Meyer, Z. physiol. 
Chem. 199, 37; Winterstein and Wiegand, ibid. 46; Winterstein and Stein, 
ibid. 76). This has been taken to indicate that the double bond is in the 
yd position to the carboxyl group, though strict proof is lacking, and the 
formation of the lactones is held to take place as follows; 


>CH- 


CO >C:(L-i--<!v--COOH ^ >CBr—<!;—(!!—ci—CO+HBr 
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In addition to these groups, hederagenin contains a primaiy alcoholic 

g roup, gypsogenin is the related aldehyde containing CHO in place of 
HjOH, and oleanolic acid is the reduction product with CH 3 in place 
of CHgOH. These important relationships are shown by the facts that 
gypsogenin semicarbazone gives oleanolic acid when heated with NaOEt 
(Wolff-Kishner reduction) and that gypsogenin is reduced catalytically to 
hederagenin {Ruzicka and Oiacomello, Hclv. 19, 1136; 20, 299). That 
gypsogenin is an aldehyde and not a ketone is confirmed by the fact that 
its acetyl bromolactone, C 32 H 4705 Br, m.p. 180—181®, in which the secondary 
alcoholic group is protected by acetylation, is oxidised by CrOg to an acid 
C 82 H 470 eBr, m.p. > 310® (methyl ester m.p. 238—240®) (Idem, ibid.). The 
oxidation products of hederagenin confirm the presence of a primary alcoholic 
group, in addition to the secondary alcoholic group common to all the com¬ 
pounds, and establish the relative positions of the two hydroxyls. For 
example, when the methyl ester of hederagenin is oxidised with KMn 04 
{JacobSf J. Biol. Chem. 68 (1926), 631) the methyl esters of a hydroxy-keto- 
acid C 3 oH 4 e 04 , m.p. 217—218® (I) and of a hydroxy-dicarboxylic acid 
C 30 H 46 O 5 (II), m.p. 274—276®, are formed, and must arise from the oxidation 
of the secondary and primary alcoholic groups respectively. Further oxidation 
of hederagenin methyl ester with CrOg {Jacobs and Gustus^ ibid. 60 (1926), 
641) gives a mixture of the esters of a keto-acid C 29 H 44 O 3 , m.p. 208—210® (IV) 
and of a dibasic keto acid C 29 H 44 O 5 , m.p. 161—163® (V). One carbon atom 
has been lost as COg, the typical behaviour of a ^-ketonic acid (III). 

—CHOH—l^-CHjOH 

I ^ i \ '-u I 

—CO—C—CHjOH —CHOH—C—COOH [_CO—O—COOH] 

I I n I I 1 III 

—COOH io —CO— Ah 

V I IV I 

The nature of the carbon skeleton to which these groups are attached 
is disclosed by dehydrogenation, coupled with the isoprene rule (p. 196), 
which states that the most probable structures are those which can 
be built up from isoprene units. Dehydrogenation of all the three 
sapogenins with Se or Pd {Ruzicka and co-workers, Ann. 471, 26; Helv. 15, 
431, 1496; 17, 442) gives the same products which include two important 
for the present argument: 1 : 8 -dimethyl-piccne C 24 H 18 (VI), m.p. 304—306®, 
and 6 -hydroxy-l:2: 6 -trimethyl-naphthalene (agathol) (VII). The first is 
important because it is a pentacyclic compound and the sapogenins aie 
pentacyclic, as is shown by their formulae; hence identification of the picene 
settles the main carbon skeleton. This picene has been synthesised {Ruzicka 
and Hofmann^ Helv. 20, 1166) and its identity with the dehydrogenation 
product established beyond doubt. Hence the triterpene sapogenins contain 
five condensed rings arranged as in picene. 


Me 



33>^ 


VI 


Me 
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The hydroxy-trimethyl-naphthalene is important because it contains the 
hydroxy group which, as a secondary alcoholic group, is present in all the 
three sapogenins. The related methoxy compound has been synthesised 
{Ruzicka^ Hoffmann and Schellenherg, Helv. 19, 1391) and found to be 
identical with the methylated dehydrogenation product. 

If we neglect for the moment the carboxyl group and the double bond 
present in the sapogenins and the characteristic primary alcoholic group of 
hederagenin which becomes an aldehyde group in gypsogenin, the remainder 
of the molecule must consist of groups which are lost on dehydrogenation, 
and from the isoprene rule these are almost certainly methyl groups. Further, 
since they are lost, they must be in angular positions. This leads to carbon 
skeletons of the type VIII (see p. 517). 

This represents a reduced picene structure with R the group which is CHg 
in oleanolic acid and CHaOH in hederagenin, its relative position to the OH 
being settled by the oxidation results described above. Such a structure 



will account for the other dehydrogenation products, l:2;3:4-tetramethyl- 
benzene coming from ring A, 2:7-dimcthyl-naphthalene and 1:2:7-trimethyl- 
naphthalene (sapotalene) from rings D and K, 1:2:6:6-tetramethyl- 
naphthalene from rings A and B with wandering of a methyl group, and 
1:7:8-trimethyl-phenanthrene from rings A, B and C (Ruzicka, Ooldherg 
and Hofmann, Helv. 20, 325). This structure for rings A and B is not only 
supported by the oxidation results described above, but also by the more 
profound oxidations carried out by Kitasato and Sone (Acta phytochim. 7 
(1933), 4; (1936), 66). Further the oxidation of betulin, a trifcerpene alcohol 
which presumably contains the same structure since it gives the same 
dehydrogenation products, provides full evidence for ring A (Dischendorfer 
and Polak, Mo. 61, 43; Ruzicka, Helv. 17, 428; 19, 609). Dihydrobetulin 
with CrOg gives a ketonic acid (IX; the COOH is in another part of the 
molecule) which with HNOg gives a tribasic acid (X). This acid can be 
cyclised to a ketone (XI) which is oxidised to the acid (XII); the latter 
forms a stable anhydride and hence must be a glutaric acid. 


Mev ^Me 


Me\^ ^Me 




\ch/ 

IX 


HO, 


. 0 / \c. 

X 




/Mo 


OC 


oh/ 

XI 


'\c- 


Mcv yMe 


XII 


Structure VIII advanced by Ruzicka is not the only solution possible for 
rings C, D and E and Kitasato {Acta, phytochim. 10 (1) (1937), 199) prefers 
a different distribution of methyl groups. Another possibility (XIII) has 
been suggested by Haworth (Ann. Rep. Chem. Soc. 84 (1937), 338). 

There remains the question of the position of the double bond and the 
carboxyl group in hederagenin, gypsogenin and oleanolic acid. These were 



TRITERPENOID SAPONINS 


517 


originally places in ring E because of the results obtained by Schicke and 
Wedekind (Z. physiol. Chem. 216, 199) from the oxidation of acetyl oleanolio 
acid, in which the secondary alcoholic group is protected by acetylation. 
These results are, however, erroneous and the groups cannot be in a 
terminal ring {Ruzicka and Cohen, Helv. 20, 1192). The double bond is 
very unreactive and the products formed in the oxidation of acetyl oleanolic 
acid and its derivatives are difficult to interpret consistently on any hypo¬ 
thesis. The first product obtained from the methyl ester of that compound 
(C 33 H 52 O 4 ) with H 2 O 2 is C 33 H 52 O 5 , m.p. 195—196®, which shows no ketonic 
or double bond reactions. It is not, however, the ether formed by addition 
of O to the double bond, because this compound is known. Its absorption 
spectrum with a maximum at 2900 A shows that it is in fact a ketone 
{Ruzicka and Cohen, Helv. 20, 804). Similarly the keto-acetyl-oleanolic acid 
C 3 OH 40 O 4 , m.p. 282—284® obtained by oxidation with CrOg {Kitasato, Acta 
phytochem. 7 (1933), 185; 9 (1935), 53, 69, 136, 323) has the absorption 
spectrum of an a^-unsaturated ketone, but no ketonic or double bond 
reactions. Ruzicka places the double bond and carboxyl group in ring C, 
as in XIV, and formulates the two ketones mentioned as XV and XVI. 


\. 
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Kitasato (ibid. 10 (1) (1937), 199) and Haworth (loc. cit.) also place the double 
bond in ring C but suggest alternative positions for the carboxyl group. 
For a discussion of the further oxidation products of acetyl oleanolic acid 
and its derivatives see Haworth, Ann. Rep. Chem. Soc. 34 (1937), 333. 

The liquorice root {Olycyrrhiza glabra) contains glycyrrhizin ^ 571192^18 (^)» 
m.p. 220 (JP. Karrer, W. Karrer and Chao, Helv. 4, 100; Tocca, C. 1924 II, 
709, 2#84). Hydrolysis of this saponin gives the sapogenin glycyrrhetic 
acid C3(,H4204 which has two crystalline forms, m.ps. 300—304® and 287—293®. 
It is a monohydroxy-monocarboxylic acid (methyl ester m.p. 259®) like 
oleanolic acid and on dehydrogenation gives sapotalene and 1:8-dimethyl- 
picene {Ruzicka and co-workers, Helv. 20, 312, 804). The fourth oxygen 
atom docs not show ketonic reactions and the double bond is non-reactive, 
but the compound has an absorption spectrum with a maximum at 2650 A, 
characteristic of a^-unsaturated ketones, and hence the acid is almost 
certainly isomeric with keto-oleanolie acid. The presence of the group 
—CH:CH*CO— is shown by the reduction of the acid, its methyl ester 
and the acetyl derivative of the latter; in all cases the oxygen atom is 
replaced by two hydrogens to give desoxo compounds which show the 
yellow colour with C(N02)4 characteristic of unsaturated compounds {Ruzicka 
and Schellenberg, Helv. 20, 1271). 

Chinovin^ CjeHgeO#, is a bitter substance from the false quinine bark of 
China nova, a-form [a]D + 66 ®, ^-form from Cuprea bark, m.p. 236, 
[a]D + 29*7® {Hlasiweiz, Ann. 79, 146; Liebermann and Giesd, Ber. 16, 926; 
Oudemans, Rec. 2 (1883), 163; Rochleder, J. pr. (1) 102 (1867), 16). It has 
the properties of a saponin and is hydrolysed by alcoholic HCl to chinovic 
acid, C 3 QH 43 O 5 , m.p. 298®, and chinovose, CgHijOg (d-e-rhamnose, see Fischer 
and Liebermann, Ber. 20, 2416; Freudenberg and Raschig, Ber. 62, 373). 

Chinovic acid is a monohydroxy-dicarboxylic acid; the hydroxyl is shown 
by benzoylation, and the carboxyls are probably attached to tertiary carbon 
atoms because of the difficulty of hydrolysis of its dimethyl ester, m.p. 174®. 
The acid loses CO 2 on heating to give the monocarboxylic pyro-chinovic 
acid C 29 H 43 O 8 , m.p. 196® (methyl ester m.p. 116®) {Wieland and Erleribach^ 
Ann. 468,83). Chinovic acid belongs to the triterpene group since Se dehydro. 
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genation of pyro-chinovic acid gives 1 : 8 -diinethyl-picene {Wielandf Hart¬ 
mann and Dietrich, Ann. 522, 191; Buzicka, Hdsli and Ehmann, Helv. 17, 
442). If it has a pentacyclic structure, however, it must contain a double 
bond and it shows no unsaturated properties. This fact led to the belief 
that the compound was hcxacyclic, but the presence of a double bond is 
shown by the formation of a bromolactone by the action of Brg on pyro- 
chinovic acid, although acetyl chinovic acid takes up no bromine* The 
masking of the double bond by a keto group mentioned above (glycyrrhetic 
acid) is not possible here because the compound is not a ketone; it seems to 
be masked by the two carboxyl groups, since the dimethyl ester gives a 
strong colour with C(N 02)4 like other unsaturated compounds. There is 
further proof of the presence of a double bond, and hence of a pentacyclic 
system, in the oxidation of the acetyl dimethyl ester C 34 H 520 e with CrOj 
to a compound C 34 H 50 O 7 {Wieland and Hoakino, Ann. 479, 201). This product 
contains one oxygen in place of two hydrogens and shows the characteristic 
absorption spectrum (maximum at 2600 A) of an ajS-unsaturated ketone 
(see glycyrrhetic acid); it can be reduced back to chinovic acid with Hg 
and PtOg, just as glycyrrhetic acid gives a desoxo compound {Buzicka and 
Prelog, Helv. 20, 1670). Buzicka has suggested the following structure for 
chinovic acid on analogy with his formula for oleanolic acid. 



With cone, sulphuric acid chinovic acid undergoes partial lactonisation 
to the monobasic novic acid C 30 H 44 O 4 , m.p. 266® (methyl ester m.p. 216®) 
{Wieland and Erlenbach, Ann. 463, 83). The oxidation of novic acid and of 
pyro-chinovic acid has been studied by Wieland and his co-workers (Ann. 
479, 179; 488, 2427; 497, 140). 

Quillaia saponin, CggHgeOig, m.p. 207®, a dibasic keto-acid (oxime m.p. 
268®) isolated from Quillaia saponaria {Hoffmann, Ber. 36, 2724; Stutz, 
Ann. 218, 231; Hesse, Ann. 261, 373), can be hydrolysed to a saturated 
dihydroxy-keto-carboxylic acid, quillaic acid, C 29 H 43 O 5 , m.p. 294® (diacetate 
m.p. 260®; oxime m.p. 282®; methyl ester m.p. 226®), and glucuronic acid 
{Lehmann, Z. angew. Chem. 48, 1118; Windaus, Nachr. Gcs. Wiss. Gottingen 
1925, 46; Windaus, Hampe and Babe, Z. physiol. Chem. 160, 301). 

Benzoin-gum from Siam and Sumatra yields two unsaturated dihydroxy- 
monocarboxylic acids, sia-resinolic acid, C30H43O4, m.p. 240®, [a]D + 98*6® 
(methyl ester m.p. 181®) and suma-resinolic acid, C30H48O4, m.p. 296®, [a]D 
-f 10^ (methyl ester m.p. 220®) {Winterstein and Egli, Z. physiol. Chem. 202, 
207; Buzicka and Furter, Helv. 15, 472). Sia-resinolic acid is converted by 
boiling with formic acid into a hydrocarbon C 30 H 44 , m.p. 188®. Dehydro¬ 
genation of the acids gives a dinaphthyl, C 26 H 24 (dipicrate m.p. 212 ®; distyph- 
nate m.p. 226®) together with the naphthalenes and picene obtained from 
oleanolic acid, etc. The acids thus seem to contain a carbon skeleton 
similar to that in oleanolic acid {Buzicka and collaborators, Ann. 471, 26; 
Helv. 15, 431; 17, 442). Suma-resinolic acid is isomeric with hederagenin 
and resembles oleanolic acid in its behaviour to HgOg and O 3 ; the first 
oxidation product is a hydroxy-lactone, C 30 H 43 O 5 , m.p. 322—324®, which 
is not unsaturated. Hence two hydroxyls must have been added to the 
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double bond, and one of them has formed a lactone with the carboxyl 
group. The other newly formed hydroxyl group is secondary, since further 
oxidation gives a ketonic lactone, C 80 H 44 O 5 , m.p. 311—312®, in which one 
of the original hydroxyl groups and the newly formed one have both been 
oxidised to keto groups. By analogy with oleanolic acid the double bond 
is probably in the yd position to the carboxyl group, but the fiy position 
is not excluded {Ruzicka, Ubsli and Hofmann^ Helv. 19, 109). 

Ursolic acid (malol, prunol), C 30 H 48 O 3 , m.p. 286® (acetate m.p. 245®; 
methyl ester m.p. 222®, see van der Hoar, Rec. 47 (1928), 686 ; Winterstein 
and Stein, Z. physiol. Chem. 208, 9), is widely distributed in nature, e.g. 
in Arctoataphylos uva ursi, in the waxy coating of the apple {van der Haar. 
Rec. 48 (1924), 648), in Prunus serotina (idem, Rec. 48 (1924), 367, 642), etc. 
The formation of an isomeric saturated lactone, m.p. 240®, and a bromo- 
actone, m.p. 210 ®, makes the presence of a ^y- or yd-unsaturated carboxylic 
acid probable. A secondary alcohol group can be detected by the conversion 
with chromic acid into the corresponding keto-acid, ursonic acid (methyl 
ester m.p. 193®; oxime m.p. 244®), and the reduction of the latter by 
Clemmensen’s method to ursanic acid (methyl ester m.p. 118®). Oxidation 
with CrOj + H 2 SO 4 leads to a diketone, C 30 H 44 O 4 , m.p. 177® (oxime m.p. 
211®). When the hydroxyl group is protected by acetylation, the oxidising 
agent attacks the double bond and gives keto-acetyl-ursolic acid, C 32 H 48 O 5 , 
m.p. 297® (oxime m.p. 300®; methyl ester m.p. 244®), and keto-acetyl- 
dehydro-ursolic acid C 32 H 43 O 5 , decomp. 306® (oxime decomp. 335®, methyl ester 
m.p. 239®; see KuwaM and Maisukawa, J. Pharrn. Soc. Japan 58 (1933), 
103). Mild dehydrogenation of benzoyl-ursolic methyl ester, C 88 H 54 O 4 , 
m.p. 236®, gives dehydro-benzoyl-ursolic methyl ester, C 38 H 52 O 4 , m.p. 212®, 
and a similar reaction can be carried out with ursanic acid {Sando, J. Biol. 
Chem. 90, 477). Dehydrogenation: see van der Haar, Ber. 65, 1064; 
Buzicka and van Veen, Z. physiol. Chem. 184, 69). 

Aesculin (escin), C 53 H 88 O 27 , m.p. 220—230® (decomp.), the saponin of the 
horse chestnut, Aesculus hippocastanum, was first isolated by Mochleder in 1867. 
Hydrolysis with 6 % sulphuric acid at 90® for 40 hours gives aescigenin, 
C 36 H 58 O 7 , m.p. 311®, fa]D -f- 26*8® (ale.), together with glucose and glucuronic 
acid {van der Haar, Rec. 42 (1932), 1080; 45 (1926), 271). The aglycone 
contains one double bond and five free hydroxyl groups; hydrolysis with 
methyl alcoholic potash eliminates tiglic acid, CgHgOg, m.p. 64® (dibromide 
m.p. 86 ®, see Winterstein and Blau, Z. physiol. Chem. 75, 410; Winterstein, 
ibid. 199, 25). Hence the compound contains one of the following sets of 
groups: 

C H or C H 

^ 30 ^ 46 joOC. C: CH. CH3 OOC • CH • CH( OH) • CH3 

CH3 CH3 

As mentioned in the introduction, dehydrogenation with Se gives sapotalcne, 
C 13 H 14 {Buzicka and van Veen, Z. physiol. Chem. 184, 69). 

Boswollinic acid, C 82 H 52 O 4 , a violent fish poison from incense {Olibanum), 
has been shown to be a mixture of two isomers, m.p. 266® and 273®, which 
are hydrolysed to one mol. of acetic acid and one mol. of a-boswellinic acid, 
C 30 H 50 O 3 , leaflets, m.p. 289®, [ajD+ 116®, or of /3-boswellinic acid, needles, 
m.p. 240®, [a]D + 118° {Winterstein and Stein, ibid. 208, 11). When distilled 
in high vacuum, acetic acid and carbon dioxide are eliminated, giving two 
hydrocarbons, C 29 H 48 , m.p. 153®, [a]D + 132®, and C 29 H 48 , m.p. 14JL°, 
[a]D +132°; these contain non-reactive double bonds {Beaucourt, Mo. 58/54, 
897; Winterstein and Stein, loc. cit.; Ann. 502, 223). Dehydrogenation; see 
Beaucourt, Mo. 55, 186. 

Camellia saponin, C 57 H 940 oo- 6 H 20 (?), m.p. 208® (anhyd.), [a]D + 37*1®, 
from Camellia japonica, is hydrolysed to its sapogenin, C 29 H 4405 (?), decomp* 
197® (triacetate m.p. 166—176®; oxime decomp. 176—197®), three mol. of 
glucose and two of arabinose {Aoyarrn, J. Pharm. Soc. Japan 48 (1928), 126). 
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' Cyclasiin, CejHiiaOa, (or CggHaaOaa) (?), m.p. 264® decomp., [a]D — 38*6® 
(ale.), from the ordinary cyclamen, Cyclamen europaeum {Plzak, Ber. 86,1761; 
Kofler, C. 1927 I 2331; BureS and Bergauety C. 1929 I 2655), is decomposed 
by dilute mineral acids into cyclamiretin, CjsHggOg (or Cj 8 H 4 a 04 ) (?), m.p. 246®, 
[a]D -f- 28® (diacetate m.p. 214®; oxime m.p. 208®), three mol. of glucose 
and two of arabinose {Mutschler, Ann. 186, 214; Daferty Arch. Pharm. 264 
(1926), 409; BureS and Bergauety C. 1930 I 1798; Dafert, C. 1934 I 1786). 
The sapogenin contains a reactive double bond, since it gives a dibromide. 
For dehydrogenation, etc. see Dafert and Fettinger, Arch. Pharm. 268 
(1930), 289. 


II. The Saponins of the Cholane Group 

The saponins of the cholane group, gitonin, digitonin (from Digitalis 
'pur'purea)y and sarsasaponin (parilhn) (from Radix Sarsaparillae) y are 
hydrolysed to aglycones which, like cholesterol, have an empirical 
formula with 27 C-atoms. They are derived from the same tetracyclic 
ring system which is present in the sterols, the bile-acids, the vegetable 
cardiac aglycones, the toad poisons and the sex hormones. The first 
careful investigation of this class of compounds was carried out by 
Kiliani and Windaus. The true nature of the C-skeleton was first 
revealed, using sarsapogenin (perigenin) and gitogenin, by dehydro¬ 
genation with selenium, a process originally applied by Diels to cho¬ 
lesterol {Dielsy Gddke and Kording, Ann. 469, 1). The characteristic 
dehydrogenation product is the hydrocarbon CigHig, 3-methyl- 
cyclopenteno-phenanthrene, Diels’ hydrocarbon (I; see also p. 553) 
(Jacobs and Simpson, Am. 66, 1424; J. Biol. Chem. 106 (1934), 501). 



These results were fully confirmed by the oxidative degradation of the 
side-chain of tigonin, which was discovered later. From the genin of this 


Saponin 

Formula 

M.P. 

[a]D 

Sapogenin 

Tigonin . 

C5eH,2027 


— 

Tigogenin 

Gitonin . 


272® 

—60-7® 

Gitogenin 

Digitonin .. .. 

^661192^20 

236® 

—64-3® 

Digitogenin 

Sarsaponin 
(Parillin) .. .. 


240® 

—66® 

Sarsapogenin, 

(Parigenin) 
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saponin Tscheache and Hagedom (Ber. 68 , 1412) obtained aetio-allo-bilianic 
acid, C] 9 H 3 o 04 (II), a stereoisomer of the dicarboxylic acid obtained by 
successive degradation of the side-chain of cholanic acid (see p. 666 ). 

These investigation, and the fact that the molecule contains 27 C-atoms, 
show that these sapogenins are derived from the tetracyclic ring-system 
of the sterols (19 C-atoms), with a side-chain of eight C-atoms, which is 
probably similar to that of cholesterol (pp. 648, 664). Since digitonin (p. 623) 
can be shown by simple reactions to be related to gitonin and tigonin, the 
same holds for this saponin {Tschesche, Ber. 68 , 1090). 

The side-chain of all neutral saponins of the cholane type contains two 
indifferent ethereal oxygen atoms. In the dehydrogenation it is usually 
isolated as methyl-isohexyl ketone {Ruzicka and van Veen, Z. physiol. 
Chem. 184, 69; Jacobs and Simpson, loc. cit.), or sometimes as an unsaturated 
hydroxy-ketone, CgHi 403 (semicarbazone m.p. 120®). Oxidation of digito- 
genic acid yields part of the side-chain as a-methyl-glutaric acid {Wiridaus 
and Willerding, Z. physiol. Chem. 148, 46). The behaviour of the side-chain 
of the the sapogenins on vigorous oxidation with fuming nitric acid is 
characteristic; five C-atoma are lost with the formation of a lactone with 
22 C-atoms. This important reaction was first shown with gitogenic acid 
{Windaus and Linsert, ibid. 147, 276), and later with ditogenic acid (Windaus 
and Shah, ibid. 151, 86 ): 



The table below summarises the more important saponins and their 
agly cones. 

Literature: — Fieser, The Chemistry of the Natural Products related to 
Phenanthrene, New York, 1936; Inhoffen and Lettri, t)ber Sterine, Gallen- 
sauren und verwandte Naturstoffe, Stuttgart, 1936; Waese, Digitalis, I.ieipzig, 
1936; Tschesche, Erg. Physiol, biol. Chem. exp. Pharmakol. 88 (1936), 31—72. 

Tigogenin: C 27 H 44 O 3 (I), m.p. 204®, [a]!) — 49® (pyridine), [a]}J — 67*2® 
(CHClg); acetyl compound m.p. 202®, [ajo—67® (pyridine); this has been 
isolated only comparatively recently from Digitalis purpurea {Jacobs and 
Fleck, J. Biol. Chem. 88 (1936), 646), and from Digitalis ktnata {TschescJie, 
Ber. 68 , 1090). It contains a secondary alcohol group, and by mild oxidation 
with Cr 03 it gives the corresponding ketone, tigogenono (II), C 27 H 42 O 3 , 
m.p. 207®, [a]D — 36® (pyridine), oxime m.p. 266 decomp., while energetic 
oxidation yields gitogenic acid (III), m.p. 242® (Tschesche, Ber. 68 , 1091). 
The Clemmensen reduction of tigogenone gives C 27 H 44 O 2 , m.p. 266—267®. 


Formula 

M.P. 

[“]d 


204® 

—49® 

(pyr-) 

C£7®^44^4 

272® 

— 66 * 6 ® 

^*7^4405 

280® 

—81-0® 

(CHCI3) 

^£7^44^3 

200 ® 

—67-6® 


M.P. 

Acetyl 

Compd. 

Sugar 

202 ® 

2 mol. glucose; 2 mol. 


galactose; 1 mol. xylose 

244® 

3 mol. galactose; 1 mol. 


pentose 

190® 

2 mol. glucose; 2 mol. 


galactose; 1 mol. xylose 

130® 

2 mol. glucose; 1 mol. 


rhamnose 
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Tigogenin forms with digitonin a molecular compound difficultly soluble 
in alcohoL Energetic oxidation of the acetyl compound of tigogenin with 
CrOa removes five C-atoms of the side-chain to form the acetate of a hydroxy- 
lactone, C|aH 3403 (IV), m.p. 233*5®, [a]D — 41*2® (CHCl), which can be 
converted, via the ketolactone m.p. 264®, [a]JJ — 22*8® (CHCla), 

into the fundamental hydroxyl-free lactone Ca 2 Hj 402 (V). Further de¬ 
gradation of the side-chain of this lactone led to aetio-allo-bilianic acid, 
CiaH 8 o 04 (m.p. 263® decomp.) (Tachesche, Ber. 68, 1412), which proved for the 
first time the presence of the sterol skeleton in tigogenin. These degradations 
are explained in the following formulae: 



HOOC-" 

A 

HOOC.^^ 
Gitogenic acid (III) 




COOH 


Gitonin, C 5 (,Hg 20 s 8 , m.p. 272® decomp., [a]D— 60*7® (pyridine), which 
normally accompanies digitonin (see below), was first obtained crystalline 
by Windaua and Schneckenhurger (Bor. 46, 2628), and soon after by Kiliani 
(Ber. 49, 701). Its preparation in the pure state is extremely tedious. Acid 
hydrolysis yields gitogenin, C 27 H 44 O 4 , m.p. 272®, [ajn — 66*6® (desoxy- 
digitogenin), together with three mol. of galactose and one of a pentose; 
its diacetyl compound has m.p. 243-244®. Gitogenin (I) contains two 
secondary hydroxyl groups, which are adjacent to one another in the same 
6 -ring; this ring is opened on oxidation with the formation of a dicarboxylic 
acid, gitogenic acid, O 27 H 42 O 4 , m.p. 242—243® (II), dimethyl ester m.p. 146® 
{Windatis and Schneckenburger, loc. cit.}. Energetic oxidation with fuming 
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nitric acid opens the ring and eliminates five C-atoms from the side-chain, 
forming a lactone-dicarboxylic acid, CjgHajO,, m.p. 238® (III); dimethyl 
ester m.p. 166® {Windaua and Linaertf Z. physiol. Chem. 147, 276). When 
heated with acetic anhydride, the lactone-dicarboxylic acid eliminates CO 
and HgO, yielding the pentacyclic ketone, CaiHgoO., m.p. 226® (oxime m.p. 
260® decomp.) (IV); this proves that gitogenic acid and the lactone-dicarboxylic 
acid obtained from it are formed by the opening of the 6 -ring A. Gitogenic 
acid can also be obtained from digitogenic acid (keto-gitogenic acid), 
C 27 H 40 O 7 (p. 624), by reducing of one of the keto-groups of the latter by the 
Wolff-Kishner method; this is a simple reaction which shows the connection 
between gitogenin and digitogenin. Dehydrogenation of gitogenin with 
Se {Jacobs and Simpson, Am. 56, 1424) gives a simple ketone, CgHieO 
(semicarbazone m.p. 144—146®), and Diels* hydrocarbon, CigHie, m.p. 
123'6—124® (3-methyl-cyclopentonophenanthrene): 

CH3 CH3 


CH 

CH3I 


CH—CH—CHa-CH 


HO^ 

H- 

HO. 

H- 


CH 3 

I ^ \ - 


O 0 


-CH- 


I. Gitogenin: C 27 H 44 O 4 


CH, 


CH, 


CH 3 

I i 

CH CH- CH—CHo—CH 


CH, 


HOOC- 

HOOC. 


r' 


-0 o- 


-CH- 


11, Gitogenic acid; C27H420e 


C^Hg 

I 

HC CO 



CH3 

CH CO 



TV. Pyro-ketone: C 21 H 30 O 3 


The Digitalis saponin upon which most work has been done is digitoniii, 
C 53 H 92 O 23 , m.p. 236®, [a]D — 64*3® (76% acetic acid). This glycoside has been 
investigated chiefly by Kiliani (coll. lit. Ber. 61 1613), and later (from 1922) 
by Windaus and his collaborators (Z. physiol. Chem. 121,63; 182,33; 151, 86 ). 

A characteristic property of digitonin is the formation of molecular 
compounds with most sterols, several bile-acids and cardiac poisons (below) 
or their genins, which are sparingly soluble in 90% alcohol. A free hydroxyl 
group on C 3 of the cholane nucleus and the cis-position of this hydroxyl to 
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the methyl group on Cio is necessary for this reaction^ (TTine^atta, Ber. 42, 238; 
FemholZy Z. physiol. Chem. 282, 97). 

Digitonin can be separated from the gitonin which accompanies it only 
with considerable difficulty; it is hydrolysed by alcoholic HCl to two mol. 
of d-glucose, two of galactose, one of xylose {Kiliani, Ber. 59, 2462) and 
digitogenln (I) (hydroxy-gitogenin), €2,114405, m.p. 280®, [a]D — 81*0® 
(CHClg). Acetylation shows that digitogenin contains three secondary 
hydroxyl groups (triacetyl compound m.p. 190®), while the other two O-atoms 
are present in the side-chain as ether links. Oxidation with CrOg yields 
digitogenic acid (keto-gitogenic acid), C 27 H 4 QO 7 (II), m.p. 210® (dimethyl 
ester m.p. 146®), which is converted by boiling alkali into the stereoisomeric 
digitoic acid, m.p. 240® (dimethyl ester m.p. 140®), and by reduction of the 
keto-group by the Kishner-Wolff method into gitogenic acid, C 27 H 40 O 5 (see 
above) {Tschesche, Ber.68,1090). Digitogenin, tigogenin (p.621) and gitogenin 
can therefore be converted into the same dicarboxylic acid. Further oxidation 
of digitogenic or digitoic acids with KMn 04 leads to oxy-digitogenic acid 
(III), C 27 H 40 O 9 , m.p. 276® (trimethyl ester m.p. 163®), a keto-tricarboxylic 
acid, shown to be a /9-ketonic acid by the ease with which it loses COg on 
heating {Kiliani^ Ber. 24, 344; Windaua and Weily Z. physiol. Chem. 121, 73). 
More vigorous oxidation of oxy-digitogenic acid with permanganate and 
cone, alkali gives digitoic acid, C 27 H 40 O 10 , m.p. 192® (trimethyl ester m.p. 
138®), a hydroxy-keto-tricarboxylic acid {Kiliani^ Ber. 24, 346; 37, 1216; 
43, 3666; Windaus and Weil, loc. cit.). Other compounds are obtained 
when digitogenic acid is oxidised further with CrOg [Kiliani, Ber. 49, 702; 
Windaua and Willerding, Z. physiol. Chem. 143, 37); a pentacarboxylic acid, 
C 27 H 4 qOi 2 » m.p. 223® (probably IV), and its decarboxylation product, the 
tetracarboxylic acid (V), C 2 eH 4 oOip, m.p. 267® (tetramethyl ester m.p. 126®). 
These polycarboxylic acids contain a newly formed carboxyl group in the 
side-chain, and at the same time part of the side-chain is split off and isolated 
as a-methyl-glutaric acid, m.p. 76® (dianilide m.p. 176® [Windaua and Willer¬ 
ding, loc. cit., p. 46). 

It is important to note that digitoic acid (see above) is oxidised by nitric 
acid with the loss of five C-atoms of the side-chain to give derivatives of an 
acid with 22 C-atoms, and hence behaves like gitogenic acid [Windaua and 
Shah, Z. physiol. Chem. 161, 87). 


CH3 CH3 



H OH 

I. Digitogenin: C 27 H 44 O 5 


HOOC 
HOOC 

0 

II. Digitogenic acid; C 27 H 40 O 7 III. Oxy-digitogenic acid: C 27 H 40 O 3 

^ For the numbering of the cholane system see p. 629. 
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CH3 

hIj— 



CH—CH—CH, 

Ih 


ca 

, 4 : 


IH 

COOH 


IV. Pentacarboxylic acid: C 27 H 4 oOi 2 * 


Swsasaponin (parillin), C 45 H 7 eOi 7 , m.p. 240®, [a]D — 66 ®, is prepared from 
Radix sarsaparillae from Honduras and Vera Cruz (Kaufmann and FuchSy 
Ber. 56, 2527; van der Hoar, Rec. 48 (1930), 726.) Hydrolysis gives two 
mol. of glucose, one of rhamnose and sarsasapogcnin (parigenin), C 27 H 44 O 3 , 
m.p. 200®, [a]D — 67*6® (acetyl deriv., m.p. 130®). Oxidation converts the 
secondary alcohol group into a ketonic group, giving sarsasapogenone, 
C 27 H 42 O 8 , m.p. 223®, [a]D — 46® (pyridine); oxime m.p. 127®; further 
oxidation yields the dicarboxylic acid, C 27 H 42 O 3 , m.p. 280® decomp. With 
nitric acid, this dicarboxylic acid behaves like gitogenic acid (p. 623); five 
C-atoms are eliminated from the side-chain to give a lactone-dicarboxylic 
acid C 22 H 3 eOfl, m.p. 296®, dimethyl ester m.p. 172® {Simpson and Jacobs, 
J. Biol. Chem. 109 (1936), 673). Methyl-isohexyl-ketone is isolated in the 
dehydrogenation {Ruzicka and van Veen, Z. physiol. Chem. 184 (1929), 69). 
In later experiments on the dehydrogenation with Se {Jacobs and Simpson, 
J. Biol. Chem. 106 (1934), 601) the hydrocarbon CigH^e, 3-methyl-cyclo- 
pentenophenanthrene, was obtained, showing that this sapogenin has the 
cholane skeleton. Sarsasapogenm is isomeric with tigogenin and also con¬ 
tains a hydroxyl group at C 3 , as is indicated by the properties of its surface 
films {Askew, Farmer and Kon, J. 1936, 1399). Tschesche^% method of re¬ 
lating these compounds to the bile acids (j). 649) has been applied to this 
sapogenin {Farmer and Kon, eJ. 1937, 414), and the product is aetio-bilianic 
acid, and not the allo-acid obtained from tigogenin. Hence it belongs to 
the coprostane series and must be a stereoisomer of tigogenin, from which it 
differs in the configuration at C 5 (see formula of tigogenin, p. 522). 

Jamaica sarsaparilla also contains a saponin which on hydrolysis gives a 
sapogenin, smilagenin C 27 H 44 O 3 , m.p. 183-184®, [a]g — (>9® ^c — 0.311 in 
CHCI 3 ), [a]ff = — 61® (c 0.339 in MeOH) {Askew, Farmer and Kon, J. 1936 
1399). This is isomeric with sarsasapogcnin and its acetyl derivative loses most 
of its side chain on oxidation with CrOs to give an acetyl lactone identical with 
that obtained from sarsasapogcnin. Hence the difference between the two 
compounds lies solely in the last five C atoms of the side chain, and probably 
consists in a difference in configuration about the asymmetric C atom which 
they contain (see formula of tigogenin, p. 622) {Farmer and Kon, J. 1937, 414). 


f) THE CARDIAC POISONS OF THE CHOLANE GROUP 1 

The cardiac poisons which will now be discussed are related in constitution 
to the saponins digitonin, gitonin and sarsasaponin. In therapeutic doses 
those compounds have a stimulating action on the heart, but in greater 
quantities they behave as violent poisons; they therefore play an important 
part in the therapy of heart diseases (cf. Edens, Klin. Woch. 1935, 809). 

These compounds are, for the most part, glycosides which can be 
hydrolysed more or less readily by the usual methods (mineral acids, 

^ W, A. Jacobs, The Chemistry of the Cardiac Glucosides, Physiol. 
Rev. 18 (1933), 221; R, C, Elderfield, The Chemistry of the Cardiac Gly¬ 
cosides, Chem. Rev. 17 (1936), 187. 
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enzymes) to the aglycone and the sugar components (d-glucose, 2 -rhamnose 
CeHi 205 , digitoxose ^ = deoxy-methyl-pentose CeHi 204 , oymarose® = 3- 
methyl ether of digitoxose, and digitalose^ = 2 -methyl ether of an aldo- 
methyl pentose, C 7 H 14 O 5 ). The aglycones contain 23 or 24 C-atoms, and as 
with the above saponins, it has been shown that the cardiac aglycones also 
possess the tetracyclic skeleton of the sterols and bile-acids, and thus the 
relationship which had often been postulated between these classes of sub¬ 
stances has found experimental con&mation ( Windaus and Hermanns, Ber. 48, 
991; Windaus and Bandte, Ber. 66 , 2002). 

The main points of the evidence are as follows: 

1 . Dehydrogenation of anhydro-uzarigenin (Tschesche, Z. physiol. Chem. 
222, 68 ), of strophanthidin {Jacobs and Elderfield, Science 79 (1933), 279) 
and of cinobufagin {Tschesche and Offe, Bor. 68,1998) with Se yields 3-methyl- 
cyclopentenophenanthrene (Diels’ hydrocarbon). 

2. Successive oxidative degradation of the lactonic side-chain attached 
to the tetracyclic skeleton converts both uzarigenin {Tschesche, Z. physiol. 
Chem. 229, 219; Ber. 68 , 7) and digitoxigenin {Jacobs and Elderfield, 
Science 80 (1934), 434; J. Biol. Chem. 108 (1934), 497) into the aetio- 
cholanic acids, CjoHgjOj. 

3. Anhydro-scillaridin with 24 C-atoms can be converted by an unam¬ 
biguous series of reactions into allo-cholanic acid, C 24 H 40 O 2 {StoU, Helv. 18,647). 

I. Vegetable Cardiac Poisons with an Aglycone ol 23 C-atoms 

Cardiac glycosides of this type are found chiefly in the following 
families of plants: Scrophulariaceae, Apocynaceae, Asclepiadaceae, 
Mordceae and Liliaceae. The following table summarises the most 
important compounds, their aglycones and sugar components: 


Glycoside 

Formula 

M.P. 

Wiy 1 

Aglycone 

Formula 

Digitalin .. .. 

C 38 H 54 O 14 

2290 

+ 14-2® 

(ligitaligenin^ 


Oleandrin ,. .. 

C 30 H 46 O 8 

2490 

— 

digitaligenin * 

C 23 H 30 O 3 

Digitoxin .. .. 


263° 

4 32-6® 

digitoxigenin 

C 23 H 34 O 4 

Thevetin .. .. 

C 42 H 68 O 18 

1950 

— 

thevetigenin® 

CaH,40, 

Uzarin. 

^ 351154^14 

270® 

— 27® 

uzarigenin® 

C«,H „04 

Gitoxin. 

^4lll64l^l4 

286® 

4 3*5® 

gitoxigenin 

^ 23^13405 

Gitalin. 

GggHgeOig 

166® 

— 26-2® 

gitoxigenin 

^ 231134^5 

Digoxin .. .. 

C 41 H 84 O 14 

266® 

+ 13-3® 

digoxigenin 

C 23 H 34 O 5 

Sarmentocymarin 

G 80 H 48 O 8 

— 

— 12 * 2 ® 

sarmentogenin 

1^23113406 

Periplocin .. .. 

C 38 H 58 O 13 

— 

— 

periplogenin 

G 23 H 34 O 5 

k-Strophanthin 

|C8eH540x4 

178® 

4 - 10 ® 

k-strophanthidin 

O 23 II 32 O 8 

Cymarin .. .. 

1^30^44^9 

138® 

+ 23-3® 

k-strophanthidin 

O 23 II 32 O 8 

Convallatoxin .. 

C 29 II 42 C 10 

239® 

0 ® 

convallatoxigcnin 

antiarigenin® 

C 23 H 32 O 8 

a-Antiarin .. .. 

C 29 H 42 O 11 

— 

— 

C 23 H 32 O, 

j?-Antiarin .. .. 

C 29 H 42 O 11 

— 

— 

antiarigcnin® 

023Hg2O7 

Ouabain .. .. 

(g- Strophant bin) 

C 29 H 44 OX 2 

1 

188® 

— 30® 

ouabagenin 
(g-strophanthidin) 

O 23 H 34 O 8 


1 KUiani, Ber. 88 , 4040; 65, 88 , 1516, 2603; Micheel, Ber. 68 , 347; 
Windaus and Schivarte, C. 1927 I 882; 1930 I 2237. 

* KUiani, Ber. 48. 979; Bergmann, SchoUe and Leschinsky, Bor. 66 , 1062; 
ElderfieU, J. biol. Chem. Ill (1936), 627. 

» KUiani, Ber. 49, 709; 66 , 90; 68 , 2866; 64, 2027; Schmidt and Zewer, 

* Dianhydro-gitoxigenin. [Ber. 67, 2129 

‘ Isolated only as anhydro-' or dianhydro-compounds. 
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Digitoxin, gitoxin and digoxin were for some time considered to 
be the actual glycosides present in the plants. The work of Stoll 
and his collaborators, however, has established beyond any doubt 
that glycosides richer in sugars are present in the plant material, and 
that the substances given in the table represent hydrolysis products of 
the actual glycosides, formed by the action of enzymes (Helv. 16,1052). 
Under conditions that avoid enzymatic hydrolysis, Stoll and Kreis 
isolated the true glycosides from Digitalis lanata and from Digitalis 
jmrpureay and showed that they were both richer by one g ucose 
residue, while the lanata glycoside contained also an acetic ac d 
residue. 


The following glycosides have been isolated in a crystalline condition from 
Digitalis •pur'purea {Stoll and Kreis, Helv. 18, 120): 

purpurea glycoside A, C 47 H 74 O 18 , m.p. 240® (decomp.), [ajn + 12*1® 
(76% ale.). 

purpurea glycoside B, C 47 H 74 O 19 , m.p. 238-240® (decomp.), [a]D + 20*4®. 
From Digitalis lanata they obtained (Helv. 16, 1062): 

digilanide A, C 49 H 78 O 19 • H^O, m.p. 245-248®, fall) + 31*1° 
digilanide B, C 49 H 78 O 20 , m.p. 245—248®, [a]D + 36*7® 
digilanide C, C 49 H 7 e 02 o, m.p. 246-248®, [a]j) -f 33*4®. 

The complete acid hydrolysis of these glycosides gives: 


^ 47 ^- 74^18 "i” 4H2O — C23H84O4 

digitoxigenin 

C47H74O19 + 4H20 = C28H3405 

gitoxigenin 


4-3CeHi204 +C9Hi20e 

3 digitoxose glucose 


M.P. 


Sugar 

Occurrence 

213® 

+ 66-9® 

digitalose, glucose 

Digitalinum verum 

213® 

-f 66*9® 

cymarose 

Nerium oleander 

260® 

+ 19-1“ 

3 digitoxose 

Digitalis jmryurea. Digitalis 
lanata 

— 

— 

2 glucose, 1 methyl- i 
ether hexose 

Thevetm neriifolia 

— 

— 

2 glucose 

Oomphocarpus species 

236® 

+ 32-6® 

3 digitoxose 

Digitalis purpurea. Digitalis 
lanata 

236® 

+ 32-6® 

2 digitoxose 

Digitalis purpurea 

222 ® 

+ 27® 

3 digitoxose 

Digitalis lanata 

270® 

-f 21-3® 

sarmentose 

Strophanthus sarmentosus 

186® 

+ 31-6® 

glucose, cymarose 

Periploca graeca 

176® 

■f 43® 

glucose, cymarose 

Strophanthus komhi 

175® 

+ 43® 

cymarose 

Strophanthus komhi 

— 

— 

rhamnose 

ConvaUaria majalts 

_ 

_ 

antiarose 

Antiaris toxicaria 

_ 

_ 

rhamnose 

Antiaris toxicaria 

176® 

— 

rhamnosQ 

Strophanthus grains; bark of 
the ouaba-tree 


C49H7eOi9+ 6H20 = C«,H8404 

digitoxigenin 

C4.H„0„+6H,0 = C„H, 40 . 

gitoxigenin 

C4,H„0„ + 6 H,0 = CaH„0. 

digoxigenin 


+ 3 C,H„04 + C,H„0, + C,H«0, 

3 digitoxose glucose acetic acid 
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The acetylated lanata glycosides can be converted by mild hydrolysis 
with alkali into the purpurea glycosides. Purpurea glycoside A is identical 
with desacetyl-digilanide A {8toU and Kreia, Holv. 18, 120). 

Partial enzymatic hydrolysis of the true glycosides gives the glycosides, 
digitoxin, gitoxin and digoxin, which are shown in the table. The following 
possible stages in the hydrolysis have been realised {Stolly Helv. 16, 1390; 
17, 692; 18; 120): 

Dosacetyl-compounds 

alkali A C 47 H 74 O 18 m.p. 267® old + 12*5® 

B C 47 H 74 O 19 m.p. 240® aD + 20*4® 

C C 47 H 74 O 19 m.p. 268® aD+ 12® 


acids 


I (-CH.COOH) 

Digilanides 
A, B, C 


^-3 Dlgltoxose'^ 


Digilanldase Acetyl-digitoxin C 48 He 80 i 4 ,m.p. 210-226®, ao +16*7® 
Acetyl-gitoxin C 43 H 88 O 15 , m.p. 220—226®, ao +15*7® 



Digitoxigonin 

Gitoxigenin 

Digoxigenin 


(-Glucose) 


. .ij- • r. 11 r>"f«=Mi-P-230«,aD+18'> 

Acetyl-digoxm P 258»,aD+29<' (-cH.coonr 


acids 

(-SDlgltoxoae) 

Digitoxin 

Gitoxin 

Digoxin 


The empirical formulae show that the various aglycones differ essentially 
by an increasing content of oxygen. All the aglycones (genins) are un¬ 
saturated lactones of an enolised y-aldehydo-acid, the j5-carbon atom of 
which is combined with the tetracyclic nucleus. 

P a 
—C-CHj 

hH)' io. 

\o/ 


Cholane residue Cj^ 


Several reactions which are common to all aglycones of this series are due 
to the presence of this grouping. The lactone ring is opened in all cases by 
warming with alcoholic alkali. A very important fact is that acidification 
gives neither the free aldehydo-acid nor the original aglycone, but invariably 
leads to an iso-oompound, which is of a lactonic nature, but saturated. Wo 
owe this knowledge of the structure of the lactonic group and of this 
isomerisation, which is common to all the aglycones, to the work of Jacobs^ 
and his collaborators. According to their results, a hydroxyl group attached 
to the cyclic nucleus and in the ^-position to the aldehyde group takes part 
in the isomeric change. 

Nucleus Cial —C-CH 2 Nucleus 0,^] —CH-CH^ 

I OH hI CO 
\o/ 

aglycone 


j_ 0 —C 

H^o/ 

iso-aglycone 


CO 


Two stereoisomeric iso-compounds are often formed, a fact which seems very 
reasonable because two new centres of asymmetry are formed. 

The iso-compounds are also lactones, and are hydrolysed by warm alkali 
to lactol-carboxylic acids; the latter are oxidised by hypochlorite to lactone- 


carboxylic acids, the iso-acids: 


—HC-CH 2 

ni io 

—CH—CH- 

! 1 * 

—CH CHa 

1 1 

CH COOH 

CO COOH 


\o/\oH 


iso-compound 

lactol-carboxylic acid 
(in equil. with hydroxy- 
aldehyde-carboxylic acid) 

iso-acid 


^ Jacobs and CoUins, J. Biol. Chem. 64 (1926), 383; 66, 491. 
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A colour reaction common to all the genins is due to the presence of this 
j^y-unsaturated lactone group; this is the Legal test: the genins dissolved 
in pyridine give a red colour with nitroprusside and alkali. It is important 
to note that the Legal test is also positive with dy-angelica-lactone, 
HC—=CH 


HjC—H( 


'\o/ 


CO 


Dihydro-aglycones and iso-aglycones which contain 


a saturated lactone group do not give the colour. 

The aglycones given in the table above differ chiefly in an increasing 
number of oxygen atoms; these are present as hydroxyl groups, and to some 
extent also as an aldehyde group (k-strophanthidin, antiarigenin) or as a 
primary alcohol group (ouabagenin). This is the reason why many aglycones 
can be converted by removal of the nuclear hydroxyls into one and the 
same saturated fundamental lactone, C^sHggOg, which was first obtained by 
Windaus and Stein from digitoxigenin (Ber. 61, 2436) (cf. the various genins). 

The various genins are thus substitution products of the following un¬ 
saturated lactone: 


10 



The following table summarises the positions, so far as they are established, 
of the substituents in the cyclic nucleus in the genins. 


Aglycone 

Formula 

Positions of 
OH groups 

Other 

substituents 

Double 

bonds 

Uzarigenin . 

O23H34O4 

C„ C„ 

OH3 

on Cio 

1 

Thevetigenin. 

^ 28 ^ 34^4 


OH3 

on Cio 

1 

Digitoxigenin . 

^ 28 ^ 84^4 

O3, Ci 4 

OH3 

on Cio 

1 

Digoxigenin. 

O23H84O5 

C., C„, c„ 

OH3 

on C,o 

1 

Sarmentogenin. 

^ 23 ^ 84^6 

O3, Ci4, Oil 

OH3 

on Cio 

1 

Gitoxigenin. 

^ 28^84 ^5 

O3, Ci4, Cj0 

OH3 

on Cio 

1 

(Digitaligenin . 

^ 23 ^ 30^8 

Os 

OH3 

on Cio 

3) 

Periplogenin. 

O23H84O5 

Os, 0 i 4 , Cg 

OH3 

on Cio 

1 

k-Strophanthidin .. .. 

C28H32O3 

O3, C14, Cg 

CHO on Cio 

1 

Convallatoxigenin .. .. 

C23H32O3 

Oa, Oi 4 , ? 

CH, 

on Cio 

2 

Antiarigenin. 

C28H32O7 

? ? ? ? 

CHO on Cio 

2 

Ouabagenin 1 

(g-Strophanthidin) i 

^ 28 ^ 84^8 

O3, C,4, ? ? 

CHgOHonCio 

1 


The sugar residues are probably attached to the OH on C,. 

As regards the spatial configuration of the skeleton, most aglycones have 
rings A and B joined in the cis-decalin configuration. An exception is uzari- 
genin, in which the rings are in the trans configuration. In several genins 
the spatial configuration of rings A and B has not yet been determined; the 
aetiocholanic acids formed by degradation of the lactonic side-chain are 
of great importance for determining this spatial configuration. 

Genins in which the OH group on C 3 is on the same side of the ring A 
(cis-) as the methyl group on C^o give molecular compounds with digitonin 
which are almost insoluble in 90% alcohol; this is in agreement with the 
results in the sterol and bile acid series. Examples of such compounds are 
uzarigenin and thevetigenin. 

Bichter-Angohttts U. 


34 
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Most of the genins are related to one another by unambiguous reactions. 
Thus k-strophanthidin can be converted, via its iso-compound, into iso- 
permlogenic acid, and this again can i^ve a derivative of iso-digitoxigonic 
acid (see p. 638). In the same way, gitoxigenin and di^toxigenin, digoxi- 
genin and digitoxigenin, and thevetigenin and digitoxigenin can be converted 
into identical derivatives. 

Several aglycones are stereoisomers; uzarigenin is stereoisomeric with 
thevetigenin, and digitoxigenin and digoxigenin are stereoisomeric with 
sarmentogenin. Further details will be found under the various aglycones. 


Thevetigenin, Digitoxigenin and Uzarigenin, C23H34O4 

Thevetigenin, the aglycone of thevetin, is stereoisomeric with digitoxigenin 
from the glycoside digitoxin; this isomerism depends upon the spatial 
configuration of the OH group on Cj. If the asymmetry is removed by 
oxidation of anhydro-thevetigenin or of tetrahydro-anhydro-thevetigenin 
with CrOj, the product is anhydro-digitoxigenone or its tetrahydro-derivative. 
The fact that anhydro-thevetigenin gives a slightly soluble molecular com¬ 
pound with digitonin, in contrast to digitoxigenin, indicates that the OH 
on C 3 and the CH 3 on are in the cis position, while in digitoxigenin they 
are in the trans position {Jacobs and Elderfteld^ Science 80 (1934), 434; 
J. Biol. Chem. 108 (1934), 497): 



Thevetigenin 



Digitoxigenin 



Uzarigenin 


Ja>cohs and Elderfield (loc. cit.) degraded tetrahydro-anhydro-digitoxigenin 
to aetiocholanic acid; a similar degradation carried out upon uzarigenin 
by Tschesche (Z. physiol. Chem. 229, 219; Ber. 68 , 7) yielded the stereo¬ 
isomeric aetio-allo-cholanic ac|d. This proves that tne two genins are 
stereoisomers which differ in configuration at the union of rings A and B. 
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Thevetlii, C 4 sHecOig, m.p. 196® decomp., was first isolated from the yellow 
oleander {Thevetia neriifolia) {Chen and Chen, J. Biol. Chem. 106 (1934), 231). 

Iso-theTetin^ m.p. 238®, is obtained from thevetin by boiling for hour 
withN/10 methyl alcoholic alkali, followed by acidification. Hydrolysis with 
HCl gives two mol. of glucose, which is present in the glycoside as gontio- 
biose, one of the methyl ether of a hexose, and thevetlgenin C 23 H 84 O 4 , a non¬ 
crystalline isomer of digitoxigcnin and of uzarigenin. 

Anhydro-thevetigonln^ C 28 H 82 O 8 , m.p. 220, [aJJJ + 40*0® (CHCIg), is 
formed by energetic acid hydrolysis. It forms a difficultly soluble compound 
with a 1 % solution of digitonin. The ketone obtained by careful oxidation 
of anhydro-thevetigenin with CrOg is identical with anhydro-digitoxigenone, 
m.p. 270® {Windaus and Stein, Ber. 61, 2436; Tschesche, Ber. 69, 2372). In 
the same way, tetrahydro-anhydro-thevetigenin, obtained by catalytic 
reduction, is converted by chromic acid into tetrahydro-anhydro-digitoxi- 
genone, m.p. 284®, [a]D + 37*3® (CHCI 3 ). 

Dl^toxin, C 41 H 34 O 13 , m.p. 263®, [a]D + 32*6®, one of the most active of 
the Digitalis substances, is hydrolysed by acids to digitoxigcnin (I), C 23 H 84 O 4 , 
m.p. 260®, [a]D + 19®; acetyl derivative m.p. 217® {Windaus and Stein, 
Ber. 61, 2436) and three mol. of digitoxose = desoxy-methyl-pentose, 
CeHi 204 . Isodigitoxigenin (II), m.p. 272® (acetyl deriv. m.p. 243®) is obtained 
by the general method for iso compounds (p. 628) {Jacobs and Qustus, J. 
Biol. Chem. 67 (1926), 333; 78 (1928), 676). 





IV. Tetrahydro-anhydro-digitoxigenin; pgsHgeOg 


34 * 
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VII. Lactone-dicarboxylic acid: C 2 sHs 40 s 

The tertiary hydroxyl group which takes part in this isomeric change 
is easily eliminated to give anhydro-digitoxigenin, (III), m.p. 193®, 

[a]D — 4'68® (methanol), in which there is no possibility of isomerisation. 
Tetrahydro-anhydro-digitoxigenin (IV), CjjHjeO,, m.p. 168®, [a]D + 24-6® 
(CH,OH+CHCIj) is prepared by the catalytic reduction of anhydro- 
digitoxigenin. 

The fourth oxygen atom is present as a secondary alcohol group in ring A; 
mild oxidation with CrO, yields a ketone, digitoxigenono, C23H32O4, m.p. 
200®, [a]^ + 33'3® {Jacobs^ J. Biol. Chem. 67 (1926), 333; Windaiis and 
Stein, Ber. 61, 2440). In the same way, tetrahydro-anhydro-digitoxigenin 
(see above) gives with CrOj tetrahydro-anhydro-digitoxigenone (V), C 23 H 34 O 3 , 
m.p. 246®, [a]D + 37*3® (CHClg) ( Windaibs and Stein, ibid. 2436). The same 
ketone is also obtained from tetrahydro-anhydro-thevetigenin {Tschesche, 
Ber. 69, 2371). Clemmensen reduction of tetrahydro-anhydro-digitoxi- 
genin (V) yields as the first product the hydroxyl-free lactone (VI), 
m.p. 186®, [aP^ 4 - 33*7® (CHCI 3 ) {Windam and Stein, loc. cit.); this is the 
fundamental compound of the whole group. Energeiic oxidation of the same 
ketone opens the 6 -ring A to the lactone-dicarboxylic acid (VII), 023113403 , 
mjp. 296® (dimethyl ester m.p. 128®). Successive de^adation of the lactone 
side-chain of digitoxigenin leads to aetiocholanio acid, CsoHggOg, m.p. 219® 
{Jacobs and ElSerfield, J. Biol. Chem. 108 (1934), 497). 

Uzarlgenin, C 28 H 34 O 4 (formula p. 630), has been of particular importance 
in the development of the constitution of the Digitalis cardiac aglycones. 
Dehydrogenation of anhydro-uzarigenin with Se {Tschesche, Z. physiol. 
Chem. 222, 68 ) gave the same hydrocarbon, CiglLj, which was obtained 
by the similar reaction with a series of sterols and bile-acids (see p. 663: 
sterols). Soon afterwards Tschesche (ibid. 229, 219; Ber. 68 , 7) oxidised 
away three C-atoms from the saturated lactone, Cggl I» 0 .. prepared from 
uzarigenin, and obtained an acid C^HggOs, which was identical with aetio- 
allo-cholanio acid, and could be oxidised further to aetio-allo-bilianic acid. 
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CjgHao 04 . These reactions prove the presence of the tetracyclic sterol 
skeleton: 



Sat. lactone from uzarigenin 
COOH 



Aetio-allo-cholanic acid: CgoHggOg Aetio-allo-bilianic acid, C 19 H 30 O 4 


Uzarin, C86H64O14, m.p. 270® [a]D — 27® (pyridine), is the mild cardiac 
poison of the drug “uzara”, which is obtained from the roots of an African 
species of Oomphocarpua (Windaua and Haack, Ber. 68 , 1377). Hydrolysis 
for four hours with 2 % H 2 SO 4 gives two mol. of glucose, but the uzarigenin, 
C 23 ^ 84 ^ 4 > ^ tertiary hydroxyl group by dehydration and yields a- 

and /S-anhydro-uzarigenin, CgaHagOj, m.p. 266®, [a]D — 29*6® (acetyl deriv. 
m.p. 176®), and m.p. 237®, [ajn -f 4*9® (acetyl deriv. m.p. 168®). When 
reduced catalytically, the a-compound takes up two mol. of Hg and gives 
aj- and ag-tetrahydro-anhydro-uzarigenin, C 13 H 34 O 3 , m.p. 217®, [a]D + 11’3®, 
and m.p. 230®, [a]D + 20*2®. Oxidation of these leads to aj- and ag-tetra- 
hydro-uzarigenone, C 23 H 34 O 3 , keto-lactones of m.p. 249® and 217® resp., 
which can be reduced (Clemmensen) to the saturated lactones, Cs,H„ 0 ,. 
ttj m.p. 178®, ag m.p. 180®. The latter is distinct from the lactones from 
digitoxigenin and gitoxigenin, but identical with octahydro-trianhydro- 
periplogenin {Tacheache, Z. physiol. Chem. 222, 62; Jacobs and Bigdow, 
J. Biol. Chem. 101 (1933), 697). 

Energetic oxidation of the a^- and ag-keto-lactones opens ring A to 
give the lactone-dicarboxylie acids, C 23 H 4 O 3 , m.ps. 270® and 246®; these, 
like all dicarboxylic acids obtained by the fission of ring A, yield pyro-ketones 
on thermal decomposition {Tachesche^ Z. physiol. Chem. 222, 66 ). 

Dehydrogenation with Se {Tachesche, ibid., p. 68 ) yields the hydrocarbon, 
CjgHig, m.p. 126—126® (picrate m.p. 122 ®), which was first obtained in the 
same way from cholesterol by Diels, and later from other sterols and bile-acid 
derivatives (see Sterols, p. 663). 

. Oxidation {Tacheachs, Z. physiol. Chem. 229, 230) of the and a, 
saturated lactones, CggHggOg, (see above) with CrOg in acetic acid gives the 
dicarboxylic acid, Cg,H 3404 , m.p. 246® (methyl ester m.p. 161®, [a]JJ -f 4*9® 
(CHClj)), and then aetio-allo-cholanic acid, CgpH gOg, m.p. 228-230® (methyl 
ester m.p. 140—142®, + 48*3®); this is identical {Tscheachey Ber. 68 , 7) 

with the aetio-allo-cholanic acid prepared from hyodesoxy-cholanic acid 
(Windaiis and BohnCy Ann. 488, 278). Aetio-allo-bilianic acid, Ci 9 Hgo 04 , 
m.p. 266® decomp., is obtained by further degradation (Wieland degradation) 
of the aetio-allo-cholanic acid {Tacheache, Z. physiol. Chem. 229, 231). 

Oitoxlgenin^ C 2 ,H 3405 , is an unsaturated trihydroxy-lactone and a 
structural isomer of sarmentogenin and digoxigenin. Isogitoxigenin can be 
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converted into a derivative of digitoxigenin {Jacobs and Ouatus, J. Biol. 
Ohem. 86 (1933), 199), and hence it contains a secondary hydroxyl group 
in the 3-po8ition. In its reactions, gitoxigenin shows some differences from 
the other Digitalis aglycones. It appears to resemble them in giving an 
iso-compound, but the tertiary OH on 0^4 does not take part in the change: 
instead, a secondary OH on Cl. comes into play, because isogitoxigenin is 
readily dehydrated (in contrast to the other iso-compounds), and this fact 
shows that the tertiary OH on €44 is still intact (II). The fact that gitoxi¬ 
genin loses two mol. of water when boiled with acids is also important, for 
the dianhydro-gitoxigenin (III) so formed, which contains 3 double bonds, 
is identical with digitaligenin (WindaiLS and Haack, Ber. 62, 475). 




CHjOH 
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The position of the second hydroxyl group on Cj® is also disclosed by the 
fact that by catalytic reduction of gitoxigenin Windaua (Ber. 61, 1860) 
obtained two pure dihydro-derivatives, the origin of which can only be 
explained by a lactonisation to the OH on Cja, as shown in formulae (IV) 
and (IVa). In agreement with this conclusion, both dihydro-gitoxigenins 
are hydrolysed to the same dihydro-gitoxigenic acid (Jacobs and Elderfield, 
J. Biol. Chem. 100 (1033), 671). 

Gitoxin (bigitalin), C 4 iHe 40 i 4 • H^O, m.p. 286®, [ajo + 3*6®, is an enzymatic 
hydrolyis product of the true glycoside digilanidc B from Digitalis lanata, 
and of purpurea-glycoside B from the leaves of Digitalis T^rpurea (StoU, 
Helv. 16, 1062; 17, 692); it is obtained technically as a by-product in the 
preparation of digitoxigenin. It was first prepared pure by Windaus and 
Schtvarte (Ber. 68 , 1516). Acid hydrolysis yields three mol. of digitoxose 
(a desoxy-methyl-pentose, C 4 H, 204 ), and gitoxigenin (—hydroxy-digitoxigenin; 
see p. 633) C 23 HJ 14 O 5 , m.p. 235®, [ajo + 32«6® (diacetate m.p. 260®). Gitoxi- 
genone m.p. 207®; isogitoxigenin m.p. 262® (from ale.); isogitoxigeninic acid, 
CgsHjgOg, m.p. 149® (from ale.) (Jacobs and Ouatus, J. Biol. Chem. 79 (1928), 
663; 82, 403). Oxidation of isogitoxigenin gives isogitoxigenone, C 2 SH 32 O 5 , 
^m.p. 279®, isogitoxigenic acid, C 23 H 34 O 3 , m.p. 260®, [ajo — 60®, and iso- 
gitoxigonic acid, C 23 H 32 O 4 (methyl ester m.p. 174®) (Jacobs and QustuSy 
J. Biol. Chem. 82 (1933), 403). The two isomeric dihydro-gitoxigenins, 
CjaHsaOs, a, m.p. 212®, m.p. 241®, —48-74® (CHjOH), are obtained by 

catalytic reduction (Windaus, Ber. 61, 1850), and on hydrolysis of the 
lactone ring they yield the same dihydro-gitoxigenic acid, C 28 HsgOe. With 
alcoholic HCl, both dihydro-gitoxigenins give dianhydro-dihydrogitoxi- 
genin, C 2 aH 3208 , m.p. 166®; reduction of the two double bonds of this com¬ 
pound gives hexahydro-dianhydro-gitoxigenin (hexahydro-digitaligenin 
C 23 H 33 O 3 , m.p. 214®, [a]^-j- 76-7® (ale.) (acetyl deriv. m.p. 166®) (Windaus, 
Westphal and Stein, Ber. 61, 1861). Oxidation with CrO gives the 
corresponding ketone, hexahydro-dianhydro-gitoxigenone (hexahydro- 
digitaligenone), C 28 H 34 O 3 , m.p. 207®, [ajn 4 85*9® (CHCI 3 ); further oxidation 
leads to the dicarboxylic acid, C 23 H 34 O 3 , m.p. 282®, [a]55 + 100® (AcOH) 
(dimethyl ester m.p. 163®, [a]55 f 82*3® (CHClg)), which by distillation in 
high vacuum yields a pyro-ketone, C 22 H 32 O 3 , m.p. 206®, (oxime m.p. 248®); 
this shows that the 6 -ring A has been opened. Hexahydro-dianhydro- 
gitoxigenone can be reduced by Clemmensen’s method to the saturated 
lactone, C 23 H 33 O 2 (Windaus and Bandte, Ber. 66 , 2004). 

Gitalin, CggHgeOig-f m.p. 166®, [a]D — 25-2®, is a glj coside first 

obtained from Digitalis purpurea by Cloetta (C. 1926 II 77i). A possible 
formula has been suggested by Windaus (C. 1929 1 247); ho has shown that 
acid hydrolysis of the glycoside gives two mol. of digitoxose and gitaligenin, 
CgjHaeOg, m.p. 222®, [a]^ + 31*23®, which is probably a hydrate of gitoxigenin. 

Bi^talin, C 33 H 63 O 14 , m.p. 229®. [a]j> -h 14*2®, was discovered by Dulong 
in 1827 in the seeds of Digitalis purpurea, and has been investigated by 
Kiliani (Ann. 280, 260; Ber. 81, 2460; Arch. Pharm. 262 (1914), 26) and 
later by Windaus (Ber. 66 , 2001; 67, 1386); oleandrin, C 3 oH 4 eO„ m.p. 249®, 
is found in the leaves of Nerium Oleander. Both compounds have the same 
aglycone, digitaligenin, CasHagOs, m.p. 213®, [a]D + 66*9®, which in the former 
is combined with glucose and digitalose, C 7 Hi 406 (Kiliani, Arch. Pharm. 280 
(1892), 260; Ber. 81, 2461; 68 , 2866), and in the latter only with digitalose 
(Windaus and Westphal, C. 1926 I 1814). 

Digitaligenin, OasHsoOs (acetyl deriv. m.p. 208®), is a hydroxy-lactone 
with three double bonds, and gives on catalytic reduction a tetrahydro- 
compound, C 23 H 34 O 3 , m.p. 194® (acetyl deriv. m.p. 168®), and a hexahydro- 
compound, C 23 H 33 O 8 , m.p. 214® (acetyl deriv. m.p. 166®). The action of CrOa 
upon the latter leads to hcxahydro-digitaligenone, C 28 H 84 O 8 , m.p. 207® and 
further to the dicarboxylic acid O 28 H 34 O 3 , m.p. 287® (dimethyl ester m.p. 174®) 
(Windaus, C. 1928 II 669). 

Hexahydro-digitaligenin is identical with hexahydro-dianhydrogitoxi- 
genin (above; see formula, p. 634), from which it follows that digitaligenin is 
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dianhydrogitoxigenin; gitoxigenin is converted into digitaligenin by alcoholic 
Hd {WirSkma, WestpJMl and Stein, Ber. 61, 1849). 



The conjugation of the double bonds is in good agreement with the ultra¬ 
violet absorption {Tscheache, Erg. d. Physiol. 38 (1936), 48). 

Bigoxigeniii, (la) and sarmentogenln, C 2 SH 34 O 5 (I), are stereo- 

isomeric trihydroxy-lactones of the cholane group. Of the three hydroxyl 




III. Dehydro-lactone. 
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groups, two are secondary (formation of diketones), and one is tertiary. 
The latter is at C 14 , as in all the genins, and is recognised by the usual 
reactions, the easy conversion of both aglycones into iso-compounds, and 
the elimination of water during energetic acid hydrolysis, giving anhydro- 
sarmentogenin and anhydro-digoxigenin. One of the secondary hydroxyls 
is at C 3 (oxidation to dicarboxylic acids, which form p 5 rro-ketones on high- 
vacuum distillation). Neither digoxigenin nor sarmentogenin are precipitated 
by digitonin in alcoholic solution; hence the OH on C 3 and the CH 3 on Qq 
are in the trans position to one another in respect to ring A. In both genins 
the second hydroxyl group is on Cn, and hence they are stereoisomers 
{Tschesche and collaborators, Ber. 69, 794, 2499). Tschesche has confirmed 
this conclusion by converting the two compounds into the same derivative 
in the following way: oxidation of tetrahydro-anhydro-sarmentogenin gives 
tetrahydro-anhydro-sarmentogenone, a diketo-lactone; the ketone group 
at C 3 in the latter can be removed by mild reduction, and the mono-keto- 
lactone so obtained (CO at Cu) can be reduced catalytically to the corre¬ 
sponding mono-hydroxy-lactone (IT). Dehydration converts this into an 
unsaturated dehydro-lactone (III), which is identical with the dehydro¬ 
lactone prepared by the simUar steps (Ha, III) from digoxigenin. 
Sarmentogenin and digoxigenin are stereoisomeric in the arrangement about 
C 9 , since they give identical derivatives as soon as the asymmetry at Cg is 
destroyed. (See p. 636.) 

Digoxin, C41H34OJ4, m.p. 266®, [a]D + 13‘3®, the product of the enzymatic 
hydrolysis of digilanide C (see p. 628), was first isolated in 1930 from the 
leaves of Digitalis lanata (Smith, J. 1930, 608, 2478; 1935, 1306; 1936, 364), 
together with other cardiac poisons which arc also found in Digitalis pur- 
purea. Hydrolysis gives throe mol. of digitoxose and digoxigenin^ C 23 H 34 O 5 , 
m.p. 222®, [a]D + 27® (isolation by the hydrolysis of digilanide: Tschesche 
and Bohle, Ber. 69, 793); diacetyl deriv. m.p. 221®; dihydro-digoxigenin 
m.p. 216®; digoxigenone (diketone), CjjHjgOg, m.p. 266®, [a]|Jei + 130® 
(acetone); isodigoxigenin, C 23 H 34 OS, m.p. 260® decomp., from digoxigenin and 
methyl alcoholic KOH; isodigoxigenone (diketone), C 23 H 30 O 5 , m.p. 336®, 
from isodigoxigenin and CrOg; isodigoxigeninic acid, CgsHggOg, m.p. 228® 
decomp.: methyl ester m.p. 146®. Anhydro-digoxigenin, C28H32O4: a, m.p. 192®, 
[alf20i+46® (CH 3 OH); /?, m.p. 182®, [aa,— 16-3® (CH 3 OH) (SmUh, loc. 
cit.). Anhydro-digoxigenone, m.p. 260®. Tetrahydro-anhydro-digoxigenin, 
CJ 3 H 33 O 4 , is prepared by catalytic reduction of anhydro-digoxigenin (Ts^esche 
and Bohle, Ber. 69, 796), and is oxidised by CrOg to te trahydro-anhydro- 
digoxigenone (diketone), C 23 H 32 O 4 , m.p. 290®; both the keto-groups (on 
and Cn) are reduced by Clcmmensen’s method to give the saturated lactone, 
CjjHgflOj, m.p. 186®, [a]^ + 36-4® (CHCI 3 ), which was first prepared from 
digit oxigenin (above) and later from gitoxigenin and sarmentogenin ( Tschesche^ 
loc. cit.). Energetic oxidation of tctrahydro-anhydro-digoxigenone with 
CrOg opens ring A to give the keto-lactonic-dicarboxylic acid, C 23 H 32 O 7 , 
m.p. 306® (dimethyl ester m.p. 160®), which, when heated with acetic an¬ 
hydride, gives a pyro-ketone C 22 H 30 O 4 , m.p. 228—229® (Tschesche, loc. cit.). 
For the preparation of the dehydro-lactone, C 23 H 34 O 2 , m.p. 174—176®, 
[a]i5 + 36-6® (CHCI3), and its comparison with compounds from sarmento¬ 
genin, see Tschesche and Bohle (Ber. 69, 2603). 

Sarmentocymarin, C 30 H 43 O 8 , m.p. 166® (anhyd.), [a]D —12*2®, is obtained 
from the seeds of Strophanthus sarmentosus (Jacobs and Heidelberger, J. 
Biol. Chem. 81 (1929), 766; Tschesche and Bohle, Ber. 69, 2600). On hydro¬ 
lysis it yields sarmentose, C 7 H 14 O 4 , m.p. 79®, which is the methyl ether of 
a desoxy-sugar, and sarmentogenin^ C 23 H 34 O 5 , m.p. 270®, [ajn + 21*3® 
(alcohol); dibenzoyl deriv. m.p. 281®, [a]^ 4-14® (acetone). Dihydro- 
sarmentogenin, Cj H 33 O 5 4 - CjHgOH, has m.p. 142® decomp.; sarmentogenone, 
C 23 H 32 O 5 , m.p. 226® (seraicarbazone m.p. 200 ® decomp.), is prepared by oxidation 
of sarmentogenin with CrOg in acetic acid. Energetic hydrolysis eliminates 
a tertiary hydroxyl group as water, to form two anhydro-sarmentogenins, 
CaaH 3304 : a, m.p. 208®, [aj« — 27*7® (CHClg) (Tschesche, Ber. 68 , 423), m.p. 
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243® {Jacobs and HeideXbergerf J. Biol. Ohem. 81 (1929), 766). The reduction 
of both double bonds of a-anhydro-sarmentogenin leads to a-tetrahydro- 
anhydro-sarmentogenin, Cg,H 8 « 04 , m.p. 120®, + 11® (CHClg), which is 

oxidised in the cold by CrOg in acetic acid to a diketone, aj-tetrahydro- 
anhydro-sarmentogenone, 02363204 , m.p. 270®, [a]*^ -|- 47*6®; in this com¬ 
pound the two secondary hydroxyls have been converted into keto-groups. 
This diketone links together sarmentogenin and digitoxigenin. By reduction 
of both keto-groups (in an indirect manner, see Tscheache and Bohle, 
Ber. 69, 2498) of ai-tetrahydro-anhydro-sarmontogenone, the same saturated 
lactone, C^gHggOa, m.p. 189®, [a]^ + 36*4® (CHCI 3 ), is formed as that ob¬ 
tained from digitoxigenin, which contains one OH less (Windaiis and Stein, 
Ber. 61, 2436; Tscheache and Bohle, Ber. 69, 2603). Under somewhat milder 
conditions tetrahydro-anhydro-sarmentogenono, C 23 H 32 O 4 , loses only the 
keto-group at Cg, to form a mono-keto-lactone, C 23 H 34 O 3 : from a^, m.p. 162®, 
[a]y + 26*5® (CHClg); from a*, m.p. 193®, [a]\5 + 44-6® (CHCI 3 ), which can 
be reduced catalytically to a mono-hydroxy-lactone, CggHggOg (formula Ila, 
p. 636): from aj, m.p. 228®, from a*, m.p. 208®, [alp + 49-6® (CHClg). The 
mono-hydroxy-lactone from ag loses water on distillation with potassium 
bisulphate to give a dehydro-lactone, C 2 gHg 402 (formula HI, p. 636), m.p. 
176®, [a]^^ - 4 - 36*6® (CHClg), identical with the compound prepared in a 
similar way from digoxigenin {Tscheache and Bohle, Ber. 69, 2602). 

Peripiogenin, C2gHg4Q6, forms a link between the Digitalis glycosides and 
strophanthidin which is discussed later. Strophanthidin can be converted 
by an unambiguous series of reactions into isoperiplogenic acid (see p. 640), 
which is readily obtained by the oxidation of isoperiplogenin {Jacobs and 
collaborators, J. Biol. Chem. 91 (1931), 617). Again, the ester of isoperiplo¬ 
genic acid can be converted, as shown in the following formulae (elimination 
of OH on Cg), into a derivative of digitoxigenin, viz. iso-digitoxigonic ester; 
peripiogenin is hence a 6 -hydroxy-digitoxigenin. 
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The position of the three hydroxyl groups on the cholane nucleus follows 
from the investigations of the structure of strophanthidin which are 
described later. 

Periplocin, C eHseCj ‘HgO, first prepared by Lehmann (Arch. Pharm.286,161) 
from the bark of Periploca graeca {Aschpiadaceae), is hydrolysed by enzymes 
to periplocymarin, C 3 oH 4 e 08 -CH 30 H, m.p. 148®, [a]D + 29® (96% alcohol), 
and d-glucose, while mineral acids hydrolyse the former into cymarose, 
C 7 H 14 O 4 , and periplogenin, C 28 H 84 O 5 , [al5] -f 31*6® (alcohol) (the m.p. is 
indefinite; benzoyl deriv. m.p. 235®). Dihydro-periplogenin, C 23 H 30 O 5 , has 
m.p. 204®; isoperiplogenin, C 28 H 34 O 5 , m.p. 258®, is prepared from periplogenin 
with methyl alcoholic alkali. Isoperiplogenic acid, 023113405 , m.p. 217® 
(gas cvol.), methyl ester m.p. 222 ®, is obtained by the oxidation of isoperiplo¬ 
genin with hypobromite {Jacobs and Hoffmann, J. Biol. Chem. 79 (1928), 
619). Isoperiplogenic acid is also obtained from isostrophanthidic acid 
(below) by reduction of the —CHO group into —CHg via the semicarbazone 
(see strophanthidin; Jacobs, Elderfield, Grave and Wignall, J. Biol. Chem. 
91 (1931), 617; Jacobs and Elderfield, ibid. 91 (1931), 626). Periplogenin 
18 therefore desoxo-strophanthidin. Trianhydro-periplogenin, CjaHjgOi, 
m.p. 193®, [ajf}—130® (pyridine), prepared by boiling periplogenin with 
methyl alcoholic HCl, takes up 4 H 2 catalytically, and gives octahydro- 
trianhydro-periplogenin, CJ 3 H 33 O 2 , m.p. 177®, [a]J5 -f 16'4® (CHCI3) {Jacobs 
and Bigelow, J. Biol. Chem. 101 (1933), 697); this saturated lactone is 
identical with one prepared from uzarigenin {Tschesche, Z. physiol. Chem. 
222 , 62). 

Strophanthidin, C 23 H 32 O 5 . The investigation of strophanthidin, and 
particularly the work of Jacobs and (in part) Elderfield (Ist paper: J. Biol. 
Chem. 54 (1922), 263; 36th paper, J. Biol. Chem. 118 (1936), 631) has been 
one of the most important stages in the development of the chemistry of 
the vegetable cardiac glycosides. Jacobs obtained (Science 79 (1934), 279; 
J. Biol. Chem. 107 (1934), 143) Dtels’ hydrocarbon CjgHi®, 3-methyl-cyclo- 
pentenophenanthrene, by dehydrogenation of this genin with Se, and hence 
proved that the Etrophanthus glycosides belonged to the cholane group. 
The formation of an iso-compound (see p. 628), and the ready elimination 
of one mol. of water, indicate a tertiary OH on C 14 , and the remaining oxygen 
atoms have been shown to be present as a secondary OH (oxidation to 
keto-group), another tertiary OH, the lactone group and an aldehyde group 
(oxime; oxidation to acid, Jacobs and Collins, J. Biol. Chem. 66 (1926), 491). 
The position of the secondary OH is given by the relationship between 



540 


NITROGEN-FREE POISONS 


strophanthidin and digitoxigenin (see p. 531); it must consequently be in 
the 3-position in ring A. The second tertiary OH must be in the ^-position 
to the secondary OH in ring A, because it is readily eliminated as water 
as soon as the secondary OH is oxidised to a keto-group, a characteristic 
behaviour of ^S-hydroxy-ketones {Jacobs and OtLStuSt J. Biol. Chem. 74 
(1927), 796). A similar hydroxyl group which behaves in exactly the same 
way is present in periplogenin, from which strophanthidin differs only in 
containing an aldehyde group in place of one methyl group. 

If in a-iso-strophanthidic acid (the oxidation product of iso-strophanthidin 
with hypobromite) the aldehyde group is reduced to a methyl group by the 
Wolff-Kishner method via the semicarbazone, iso-periplogenic acid is ob¬ 
tained, as is shown in the following formulae. 



OH 


IsO’Strophanthidic acid 



Iso-periplogenic acid 


Iso-periplogenic acid can be converted into iso-digitoxonic acid (see periplo¬ 
genin), a fact which shows clearly the connection between strophanthidin 
and digitoxigenin. 
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Only two positions for the aldehyde group need be considered, viz. On, 
or Gi 3 (see formula). The facts that this group is able to react both with 
the secondary OH in ring A (formation of cydo-acetals: see Jacobs and 
Collins, J. Biol. Chem. 69 (1924), 713) and with the tertiary OH on Ci 4 
(pseudo-strophanthidin series), indicate that the aldehyde group is at Cjo. 
Hence strophanthidin has the above formula, which was first proposed by 
Kon (Chem. and Ind. 53 (1934), 693, 966) on the basis of the experimental 
results of Jacobs and Tschesche and of the dimensions of the unit cell in 
the crystal of the substance (Bernal and Crowfoot, ibid. p. 963). 

As regards the stereochemical configuration of strophanthidin, Tschesche 
and Bolde (Ber. 69, 2443) conclude from considerations of the spatial model, 
that the rings A and B are joined in the cis position, as in most cardiac 
aglycones and in the bile-acids. 

k-Strophanthin, CJ 3 H 54 O 14 , SHaO, m.p. 178 , [a]D + 10®, from Strophavihus 
Konibi, is hydrolysed by the enzyme strophanthobiase into cymarin, C 30 H 44 O 9 , 
(decomp. 130—138®), [a]D + 23*6®, and glucose ( Windaus and Hermanns, Ber. 48. 
979; Jacobs, J. Biol. Chem. 69 (1926), 163). Further hydrolysis with dilute 
HCl leads finally to cymarose, C7H14O4, and k -strophanthidin (cymarigenin), 
CjjHjaOj • l^/aHjO, m.p. 176®, [a]D 43® (CH3OH): monobenzoyl deriv. m.p. 
230®, oxime m.p. 276, dihydro-compound m.p. 196®, [a]D + 34*8® (CHgOH). 

Iso-strophanthidin, m.p. 276®, [a]D + 36*2® (CH3OH), is oxidised by 
hypobromite to iso-strophanthidic acid, C 23 H 3 a 07 , m.p. 233®, which can bo 
converted by the Wolff-Kishner reduction into iso-periplogenic acid (Jacobs, 
J. Biol. Chem. 91 (1931), 617). Permanganate oxidises the aldehyde group 
of iso-strophanthidin to give iso-strophanthidinic acid, C 23 H 32 O 7 , m.p. 234®. 

The action of alcoholic HCl upon strophanthidin leads, via semi-acetals, 
to dehydration products (Jacobs and Collins, J. Biol. Chem. 69 (1924), 713; 
63 (1926), 123). Anhydro-strophanthidin, C 23 H 80 O 5 • 2 H 2 O, m.p. 223-226® 
(gas evol.) [a]j) — 146® (96% alcohol); oxime m.p. 260—266®; acetyl deriv. 
m.p. 294®. Dianhydro-strophanthidin, C 23 H 2 g 04 , m.p. 236®, [a]})— 222® 
(CHCla); oxime m.p. 281®, [a]j5—174® (pyridine); acetyl derivative m.p. 
206®, [a]}) — 222® (CHClg). Trianhydro-strophanthidin, C 23 H 20 O 3 , m.p. 
137-6®, [a]g + 98® (CHCl,). 

While dianhydro-strophanthidin can be reduced catalytically, trianhydro- 
strophanthidin absorbs only one Hg, which saturates the double bond of 
the lactone side-chain, and the remaining three double bonds are not hydro¬ 
genated. Hence trianhydro-strophanthidin contains a benzene nucleus, in 
agreement with its strong absorption in the ultraviolet (Jacobs and Coiling, 
J. Biol. Chem. 68 (1926), 123; 106 (1934), 71). Since trianhydro-strophanthi¬ 
din does not form an oxime or a phenyl-hydrazone, it is given the following 
formula by Jacobs and Elderfield (J. Biol. Chem. 108 (1936), 693): 



Trianhydro-strophanthidin 


Oxidation of trianhydro-strophanthidin with cone. HNO 3 (Tschesche and 
Knick, Z. physiol. Chem. 229 (1934), 233) gives mellophanic acid (benzene- 
1 : 2 :3:4-tetracarboxylic acid), which is further experimental support for 
the above formula. Ring B can only become aromatic when the aldehyde 
group wanders from Cjo to C,. 

Another strophanthin has been isolated from Strophanthus hispidus; this 
is hydrolysed firstly to cymarin and glucose, and then further to strophanthi- 
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din and cymarose. Probably a different glucosidocymarose is present in this 
substance (Jacobs and Hoffmann, J. Biol. Chem. 79 (1928), 631). 

CooTallatoxigenin, CssHasO^, is the aglycone of conyallatoxin; it is the 
most powerful cardiac poison yet known and is found in the lily of the valley. 
The aglycone, in contrast to those of the Digitalis cardiac poisons, has two 
double bonds, one in the ^y-unsaturated lactone group (positive Legal test), 
and a second which is remarkable for its resistance to hydrogenation. Of 
the hydroxyl groups one is probably secondary and the other three tertiary. 
One of the latter is at C 14 (as in the Digitalis aglycones), since convallatoxi- 
genin readily gives iso-compounds. Tschesche and Haupt (Ber. 69, 461) 
give the following tentative formula for this genin: 



ConyaHatoxin^ C2«H420io, m.p. 239® (hydrated), m.p. 226® (anhyd.), is 
extractec from the leaves of the lily of the valley (Convallaria majalis L.) 
(Karr&t, Helv. 12, 606). It is undergoes isomeric change with alcoholic 
alkali and gives two iso-compounds: a-isoconvallatoxin, m.p. 268®, and the 
/^-compound m.p. 290®, both of which give a negative Legal test (Tschesche 
and Haupt, Ber. 69, 462). Hydrolysis with alcoholic sulphuric acid yields, 
not the true genin, convallatoxigenin, C 23 H 820 e, but, because of the ease 
of elimination of one mol. of water, its anhydro-compound, CgaHgQOg; this 
can, however, only be obtained crystalline in the form of its benzoate (m.p. 
281®, [a]D + 22*2® [CHCI3]). The sugar component has been identified as 
rhamnose (phenylosazone, m.p. 182®; p-nitrophenylosazone, m.p. 260®) 
(Tschesche and Haupt, Ber. 69, 464). 

Antiarigenin is the aglycone of the cardiac poison of “ipooh” which 
is used as an arrow-poison and is obtained from the milky sap of the 
Indian upas tree Antiaris toxicaria (Rosenthaler, C. 1926 1 1226; MoUer 
and Pribyl, C. 1930 II 1664). The sap yields two antiarins, C29H42O11: 
a-compound m.p. 226®, oxime m.p. 240®; /5-compound m.p. 208®. The genin 
of these glycosides, antiarigenin, C 23 H 32 O 7 , is combined with antiarose, 
CjHijOg, in the a-compound and with Lrhamnose, C 3 H 12 O 5 , in the /?-compound, 
but cannot be isolated. Acid hydrolysis yields dianhydro-antiarigenin 
(Kiliani, Ber. 48, 3674; 46, 667, 2179; Tschesche and Haupt, Ber. 69, 1377) 
C 23 H, 804 , m.p. 166-167® or 200-206®, [aj^—160-2® (CHCl,); benzoyl deriv. 
m.p. 249—260®. One oxygen atom of antiarigenin is present as an aldehyde 
group (cf. oxime, above). Antiarigenin is probably a hydroxy-strophanthidin 
(Tschesche, loc. cit.), but its constitutional formula is not yet known with 
certainty. This is also true for 

Ouabagenin, C 23 H 34 O 8 , (g-strophanthidin), the aglycone of ouabain 
(g-strophanthin), 029 H 440 i 2 » m.p. 188®, [a]D — 30®, a South American arrow- 
poison from Strophanthus glaber and grains and from the bark of the ouaba- 
tree (Jacobs and Bigelow, J. Biol. Chem. 96 (1932), 647). Catalytic reduction 

g ives dihydro-ouabain, C 29 H 430 i 2 » ui-p. indefinite, [a]© — 47*4®. Iso-ouabain, 
23 H 440 , 2 * m.p. 213-216® decomp., [a]g -f 46-7® (water), is obtained from 
ouabain and methyl alcoholic potash. 

Ouabain is the rhamnoside of the tetracyclic hexahydroxy-/5y-unsaturated 
lactone ouabi^enin (g-strophanthidin), C 28 H, 408 , and is only hydrolysed by 
acids with difficulty. Neither the genin nor the iso-genin has yet been 
obtained, because, under the vigorous conditions needed for hydrolysis, both 
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compounds readily eliminate three mol. of water and one of formaldehyde. 
Thus acetylation of iso-ouabain with acetic anhydride and sulphuric acid 
leads to an acetyl-trianhydro-hydroxy-lactone, CMHjgOs, m.p. 244—246®, 
[a]§ — 22 '7® (pyridine), which can be hydrolysed to the free lactone, 
C 22 H 8 e 04 , m.p. 266-268®, [olg -j- 29*1® (pyridine). For a preliminary formula 
for ouabain, see Fieaer and Newman^ J. Biol. Chem. 114 (1936), 706; this 
is, however, by no means final (Tacheacke, Ber. 70, 43). 

II. Vegetable Cardiac Poisons with an Aglycone of 24 G atoms 

A new type of plant substance with cardiac action has been isolated from 
the squill {Scilla maritimay and BuVbua acillae); in contrast to the compounds 
alreacly discussed, its aglycone contains 24 C atoms. These compounds 
bridge the gap between the other cardiac poisons and the substances with 
cardiac action secreted by the skin of toads, which also contain 24 C atoms 
in the molecule. 

Scillaridin^ the only aglycone of this class which has been investigated 
to any extent so far, gives no Legal test (see p. 629). It contains a lactone 
group, but this cannot contain a j5y-double bond. According to Stoll, it 
is a derivative of a-pyrone (cumalin), in which the mono-unsaturated 
6 -membered lactone ring of the Digitalia and Strophanthua aglycones is 
enlarged to a di-unsaturated 6 -membered lactone ring. 


H 



Digitalia and Strophanthua Scillaridin 

The evidence for this lactone side-chain rests on the conversion of 
scillaridin-A into allo-cholanic acid {StoUy Hofmann and Hdfenateiny Helv. 18, 
644), which also proves that the genin is derived from the cholane ring- 
system; the conversion is shown in the following formulae. 


H 

H 

C/' ^CH 

C„Hja—c/ ^CH 

- " 11 1 

11 1 

HCv /CO 

^ 0 / 

HC. /CO 
^ 0 / 

Scillaridin-A: C 84 H 80 OJ 

Anhydro-scillaridin-A: C 24 H 28 O 2 




CH, COOH 
Allo-cholanic acid, C 84 H 40 O 2 

Scillaren-A, CseH^jOu, m.p. 270®, [a]D -7 73*8®, has been prepared pure 
from the squill {Scilla maritima) and investigated in detail {StoU and colla¬ 
borators, Holv. 16, 703; 17, 641, 1334; 18, 82, 120, 401, 644, 1247). When 
the freshly minced squill is kept under ethyl acetate, the action of an enzyme, 
scillarenase, present in the plant produces one mol. of glucose and pro- 
scillaridin-A, C 30 H 42 O 8 , m.p. 213®, fa]D — 82*6® {StoU, Kreia and Hofmann, 
Z. physiol. Chem. 222 , 24), while acid hydrolysis gives scillaridin-A, C24HaoOa, 
m.p. 246—260®, [a]D — 62*7®, and scillabiose, CuHjaOio, a disaccharide of 
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rhamnose and glucose {StoU and co-workers, Helv. 16, 703). Scillaridin 
is the anhydro product of the true genin, scillagenin, C 24 H 32 O 4 , which 
cannot be isolated. Scillaridin is an unsaturated hydroxy-lactone with four 
double bonds; its remaining hydroxyl group can be eliminated by high- 
vacuum distillation; this gives anhydro-scillaridin-A, C 24 H 2 SO 2 , which con¬ 
tains five double bonds. Exhaustive hydrogenation of this compound (6 Hg 
absorbed) also reduces the lactone-ring, and gives a mixture of acids, 
C 24 H 43 O 2 , from which can be isolated allo-cholanic acid (a-scillanic acid), 
m.p. 172—173®, [a]D + 22*6® (dioxan) (see the bile-acids). As with the 
Strophanthua and Digitalis glycosides, scillaridin-A rearranges in presence 
of alcoholic alkali into derivatives of iso-scillaridin-A (StolU Helv. 17, 641). 
The constitution of scillagenin and of scillaridin-A is not yet fully established; 
Tschesche and Haupt (Ber. 70, 44) have put forward the following as the 
most probable formulae: 


H 



Scillagenin-A: C 24 Hgj 04 


H 



From the dried leaves and stalks of Calotropis procera, a poisonous 
tropical plant belonging to the Aaclepiadaceae, Hesse and Reicheneder 
(Ann. 626, 262) have isolated calotropin, C 9 H 40 O 9 , m.p. 221® decomp., mono¬ 
hydrate [a]D + 66*7® (CH 3 OH). Methyl-calotropin, amorphous, m.p. 166®, 
is obtained by the action of ethereal diazomethane. Prolonged boiling with 
alcoholic HCl only gives anhydro-calotropin, C 29 H 9 SO 8 , m.p. 207®, and the 
genin cannot be obtained. This behaviour, which is quite different from that 
of the cardiac poisons already considered, shows that calotropin is a cardiac 
poison of a new type. The thermal decomposition of calotropin at 230® 
in high vacuum provides valuable evidence of the structure; the products 
are methyl-reductic acid (I), CeHgOg, m.p. 84® (dinitro-phenyl-osazone m.p. 
230® decomp.), which is sensitive to oxygen and a strong reducing agent, and 
calotropagenin, C28H220e, m.p. 240®, [a]D + 42® (CHjOH), which gives a 
positive Legal test and can be isolated in small quantities from the drug itself. 


OH 

OH 

OH 

OH 

Q. - 

—C 

Q - 

—C 
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or 

ix) 


\CH, 

/ 


I 

CHa 

1 . Methyl-reductic acid 
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Two of the oxygen atoms of the genin are in the enolic lactone group, 
and two more are present as hydroxyls; by analogy, one of these is placed 
on Ca. Iso-calotropagenin, CgaHajOe, m.p. 261® (negative Legal test), is ob¬ 
tained from calotropin or its genin by heating with borax solution; it is 
hydrolysed by alkali to the corresponding acid, isocalotropic acid, CJ 3 H 34 O 7 , 
m.p. 166® decomp. The action of hot normal NaOH eliminates the methyl- 
reductic acid and gives an isomeric genin, pseudo-calotropagonin, CgaHajOa, 
m.p. 241®, together with the corresponding acid which is formed by ring 
opening of the lactone, pseudo-calotropic acid, C 28 H 84 O 7 , decomp. 228®. 


III. Animal Cardiac Poisons of the Cholane Type: Toad Poisons 


The poisonous substances which occur in the secretions from the 
glands of the skin of European and foreign species of toads, such as 
Bufo vulgaris, B. japonicus, B. marinm and B. gargarizaus, are closely 
related to the vegetable cardiac poisons, and particularly to scillaren 
A. These compounds have long been used in eastern Asia in place 
of Digitalis preparations. The bufotoxins, as the poisonous sub¬ 
stances are named, are compounds of the bufagins (also called 
bufagenins) with suberyl-arginine, which takes the place of the 
sugar component of the plant glycosides: 

K__OOC--(CH2)e—CO-—NH—CH—(CH2)3—NH—C—NHg 

COOH NH 

R = bufagin residue 

Complete hydrolysis of the original substance, therefore, gives the bufagin, 
suberic acid and arginine (Wieland and Allea, Ber. 66 , 1789). Most of the 
bufagins so far investigated contain 24 C-atoms, or are acetyl derivatives 
of such compounds, showing their close relationship to scillaren (above) on 
the one hand, and to the bile-acids on the other. Experimental proof of 
the presence of the cholane ring-system is given by the dehydrogenation 
of cinobufagin with Se {Tschesche and Offe, Ber. 68 , 1998; Jensen, Am. 67, 
2733); the typical hydrocarbon, CigHi®, of Diels (3-methyl-cyclopcnteno- 
phcnanthrene) is obtained. The remaining five C-atonis form, as in scillaren-A, 
a lactonic side-chain. Since the products of acid hydrolysis of the toad poisons 
have the same absorption in the ultra-violet (maximum at 290—300 m/i) as 
scillaridin-A, it has been assumed that the same lactonic group 


H 

It—^CH 

II I 

HC. .CO 


is present as in the squill glycosides (above) {Wieland, Hesse and Hiittel, 
Ann. 624, 203; Tschesche and OJfe, Ber. 69, 2361). This conclusion has 
recently received support from the results of the ozonolysis of acetyl- 
bufotalin; Wieland and his collaborators (loc. cit.) identified formic and 
glyoxylic acids among the products. Moreover, the aldehyde group which 
would be expected as the result of the elimination of the aldo-enol group 
was shown to be present by the reduction of ammonical silver nitrate and 
the colour reaction with Schiff’s reagent {Wiehind and Hesse, Ann. 617, 24; 
Tschesche and 0//e, loc. cit.). 

The remaining oxygen atoms in the molecules of the various toad poisons 
are present as secondary or tertiary hydroxyls, some of which are acetylatcd; 
one secondary OH is assumed by analogy to be on Ca; the positions of the 
other hydroxyls has not been established in all cases. Provisional formulae 
have been proposed by Wieland, Hesse and Hiiitel (loc. cit.) and by 
Tschesche and Offe (loc. cit.) 

Bichter-Anscbtttz ii. 35 
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The best>known poisons of this class are tabulated below: 


Bufotoxin 

1 

Formula 

M.p. 

Bufagin 

(Bufogenin) 

Formula 

M.p. 

r 

Occurrence 

Vulgaro- 

bufotoxin 

^4o®^6oGioN4 • H 2O 

205® 

bufotalin 

Acetyl deriv. of 
C„H„0. 

223® 

(dec.) 


Bufo 

vulgaris 

Gama- 

bufotoxin 

^a8ll6809N4 *1120 

210® 

gamabufagin 

C24H84O5 

266® 

2 

Bufo 

japonicus 

Cino- 

bufotoxin 

C' 4 oR 580 ioN 4 

200® 

(dec.) 

cinobufagin 

Acetyl deriv. of 

C24H32O5 

223® 

3 

Bufo 

gargarizans 

Marino- 
bufotoxin 

C38H58O2N4.H2O 

200® 

(dec.) 

marinobufagin 

C84H3A 

213® 

3? 

Bufo 

marinus 


Vulgaro-bufotoxin (bufotoxin), C4oH«,OioN4 • HgO, m.p. 206® (dec.), the 
chief constituent of the skin-glands of the common toad, Bufo vulgaris 
(preparation: Wieland^ Hesse and HuUdt Ann. 624, 210), is an ester of 
bufotalin, CgeHjeOg, m.p. 223® decomp, and suberyl-arginine, ( Wie- 

land and Alles, Ber. 66, 1789): 

CsflHajOs • OOC• (CHa)*-CO• NH -CH • • NH• C• NH^• H^O . 

djOOH 1 h 

It is decomposed by total acid hydrolysis into bufotalien, C24H3QO3, m.p. 
226® (bufotalan, C24HaH08, has m.p. 199®), acetic acid, suberic acid, m.p. 140®, 
and arginine, C4H14O2N4 (picrolonate m.p. 230®). The conversion of bufo- 
tozin, with two double bonds, into bufotalin seems to take place only in 
the animal organism; acid hydrolysis always eliminates one mol. of acetic 
acid and one of water, and gives bufotalien with four double bonds. De¬ 
hydrogenation of bufotalien with Se yields small amounts of chrysene, 
formed by ring-enlargement from S-methyl-cyclopentenophenanthrene ( Wie- 
land and Hesse, Ann. 617, 26). By reduction of acetyl-bufotalien, 
m.p. 184®, via acetoxy-cholanic acid, C2eH4204, into iso-bufo-cholanic acid, 
C24H40O3, m.p. 179®, a reaction analogous to the conversion of anhydro- 
scBlaridin-A into allo-cholanic acid, Wieland, Hesse and Meyer (Ann. 493, 
272) were able to bridge the gap to an acid of the cholane series; the acid 
obtained, however, is not identical with any of the cholanic acids so far 
known. The presence of a secondary alcohol group in bufotalin is shown 
by its oxidation with CrOa to bufotalone, C53H840e, m.p. 266® (oxime m.p. 
226®). It is worth noting that this ketone is converted by dilute alcoholic 
alkalis into the isomeric anhydro-bufotalonic acid, C{0H34O3, m.p. 233® decomp., 
a reaction probably analogous to the formation of the iso-compounds in 
the Digitalis and Strophanthus glycosides {Wieland and Hesse, Ann. 617, 26). 
By-products isolated from the secretion of Bufo vulgaris are: bufotalidin, 
C,4 Hs 20., m.p. 228® (acetyl compound m.p. 246®), which is an unsaturated 
lactone with three double bonds, and bufotalinin, of unknown formula. 

While bufotoxin, the poisonous substance of the European toad, is a 
mono-acetyl choladienic acid lactone, the poisonous compound from the 
akin of the Japanese toad {Bufo japonicus), gamabufotoxin, C88H5809N4*H20, 
m.p. 210®: 

C*4H„04 . OOC -(CH,), • CO • NH .CH •(CH2)8 • NH -C • NH* -HgO 

(Ijooh in 

is derived from an acetyl-free lactone. Removal of the suberyl-arginine 
gives gamabuf^ln (gamabufogenin), 024X1,405, m.p. 266® (diacetyl deriv. 
m.p. 262®), which can be isolated in small quantities from the skin extracts. 
Acid Iwdrolysis of the poison, however, only gives anhydro-gamabufagin, 
C|4H,204, m.p. 260®. Extraction of the skin of Japanese toads also gives 
gamabufbtalin, C27H,g04, m.p. 263® (diacetyl deriv. m.p. 225®) {Kotake, 
Ann. 466, 12). An important feature of this by-product is that on catalytic 
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hydrogenation or on warming with alcoholic potash the residue CjHjO, which 
is attached through an other link, is eliminated; in the former case a dihydro¬ 
compound, C24H,805*C2H50H, m.p. 133®, is formed, while in the latter 
the lactone ring is also opened to form gamabufotalinic acid, 024 H 8 e 08 , 
m.p. 209®. Anhydro-gamabufotalin, C27H8e05, m.p. 263®, is prepared by the 
action of cone. HCl upon gamabufotalin {Kotake, Ann. 466, 11). 

The Chinese drug senso or ch'an su^ obtained from the parotid secretion 
of the Chinese toad {Bufo gargarizans)^ contains cinobufotoxin, C4oH580,oN4, 
m.p. 200® decomp. (JeMsen and Cheriy J. Biol. Chem. 87, (1930) 741). Elimi¬ 
nation of suberic acid _and arginine leaves the unsaturated cinobufagin, 
C 20 H 34 O 6 , m.p. 223® (3|~) (preparation: Tschesche and Offe, Ber. 69, 1998): 
mono-acetyl deriv. m.p. 202®. The molecular weight of the compound has 
been confirmed by X-ray crystal analysis {Crowfoot and Jensen, Am. 68 , 
2018). The acetyl derivative takes up three mol. of Hg by catalytic reduction 
to give a- and ^-hexahydro-cinobufagin-mono-acetate, C 28 H 42 O 7 , a- m.p. 238®, 

m.p. 260® decomp. Like bufotalin, cinobufagin contains one acetyl group. 
One secondary OH can be identified by oxidation with chromic mixture, 
which gives cinobufagone, C 26 H 82 O 0 , m.p. 238® {Tschesche and Offe, Ber. 69, 
2361). By heating cinobufagin with Se at 270—320®, Tschesche and Offe 
obtained Diels’ hydrocarbon, 3-methyl-cyclopentenophenanthrene. 

For pseudo-bufotalin from “«cn 5 o”, see Rondo and Ikawa, J. pharm. 
Soc. Japan 63 (1933), 2, 62; 66 (1936), 49, 144. 

The secretion of the Jamaica toad, Bufo rmrinus, yields marino-bufagin, 
C 24 H 82 O 6 , m.p. 213®, formed from the corresponding suberyl-arginine com¬ 
pound, marino-bufotoxin, C 38 H 50 O 9 N 4 *H 2 O, m.p. 200® {Chen and Chen, 
J. Pharm. Exp. Ther. 49 (1933), 614). 

VI. STEROLS, BILE ACIDS AND SCYMNOLi 

The two former classes of substance have been dealt with briefly in vol. I, 
pp. 763 to 766, but since the publication of that volume, considerable ad¬ 
vances have been made in our knowledge of the group, and the formulae 
given there have been superseded; the constitutions of the sterols and bile 
acids can now be regarded as established beyond doubt, and the large amount 
of evidence upon which their present formulation is based is summarised 
in this chapter. 

The sterols and bile acids have the same tetracyclic carbon skeleton 
as the toad poisons considered above, and as many of the saponins. 
The occurrence of sterols as normal constituents of cellular fats, 
the cooperation of the bile acids in the digestion of fats, and the 
relationships which both classes of compounds show to other physio¬ 
logically important compounds such as the sex hormones, illustrate 
the importance of the two classes of compounds. 

The most important natural sterols are tabulated below, together 
with their characteristic derivatives; the bile acids are then treated 
similarly. Finally both classes are considered together in a dis¬ 
cussion of the important experimental work that has led to the 
constitutions assigned to these compounds today. 

STEROLS 

The sterols together with the phosphatides are the most important 
compounds that accompany animal and vegetable fats and oils. 

^ L. F. Fieser, The Chemistry of Natural Products related to Phenan- 
threne. Am. Chem. Soc. Monographs, 1937. — H. LeUri and H, H, Imhoffen, 
t)ber Sterine und Qallens&uren und verwandte Naturstoffe. Stuttgart, 1936. 

35 * 
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There they are found partly free, partly esterified with the higher 
fatty acids, and in the plant kingdom they occur also as glycosides 
(sterolins, p. 364). It is, however, remarkable that only small quan¬ 
tities of sterols can be isolated from the fats of pathogenic bacteria 
(e.g. tubercle and diphtheria bacilli) (Anderson, Schoenheirmr^ 
Crowder and Stodola, Z. physiol. Chem. 237, 40; Sifferd and Anderson^ 
ibid. 239, 270), and in these fats the phosphatides also vary from 
the normal in composition. Brain and nerve tissue and yolk of egg 
are very rich in cholesterol, and human gall-stones consist chiefly 
of cholesterol. To isolate the sterols, the fat is hydrolysed with 
alcoholic alkali, and the sterol extracted with ether or light petroleum. 
Several sterols are usually present in any starting material, and the 
separation of these is very tedious on account of their similarities in 
solubility and the formation of molecular compounds. The prepar¬ 
ation of the pure substance is best carried out by fractional crystallis¬ 
ation of the acetyl compound, or via the bromo-derivative (Windaus 
and Hauthf Ber. 39, 4378). 

The sterols are well-crystalline substances which contain a secon¬ 
dary alcohol group in a hydroaromatic ring, and have all the proper¬ 
ties of such a compound; e.g. they form esters and urethanes, and in 
oxidation they give cyclic ketones and by ring-fission dicarboxylic 
acids. All sterols isolated from natural fats are characterised by 
their ability to form more or less sparingly soluble addition compounds 
with an alcoholic solution of digitonin, the so-called “digitonides”; 
these normally contain 1 mol. of sterol to 1 mol. of digitonin 
(C 55 Hj),, 0 .^j,), and can be used, not merely for qualitative, but also 
for quantitative analysis {Windaus, Ber. 42, 238; Schonheimer and 
Dam, Z. physiol. Chem. 216, 59), and for the purification of the 
sterols {WiTidaus, ibid. 66 , 110). The presence of the free sterol and 
a certain spatial configuration of the secondary alcohol group are 
conditions for the formation of these sparingly soluble compounds. 
Hence sterol esters and certain sterols prepared artificially are not 
precipitated by digitonin. This reaction explains the fact, which 
has been long known, that cholesterol increases the haemolytic 
effect of digitonin and other saponins on the red blood corpuscles. 

When cone. H 2 SO 4 is poured beneath a chloroform solution of a 
sterol, a more or less intense colour appears (Salkowski’s reaction); 
this also occurs in the presence of acetic anhydride (Liebermann- 


Sterol 

Formula 

1 

r 

M.p. 

[«]D 

Cholesterol . 

C 27 H 4 QO 

1 

149® 

— 38-8® 

Coprosterol. 

C„H„0 

0 

102 ® 

-f 23-6® 

Ostreasterol. 

^29^48^^ 

2 

142® 

—■ 43-9® 

FLanosterol. 

C„H„0 

2 

141® 

+ 68 ® 

[Agnosterol. 

CmH.,0 

3 

162® 

+ 70-6® 

Ergosterol . 

C„H„0 

3 

163® 

— 133® 

Sitosterol. 

C„H „0 

1 

138® 

— 33-9® 

Stigmasterol. 


2 

170® 

— 46® 

Zjnnosterol.. 

C„H„0 

2 1 

110 ® 

+ 62-2® 
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Burchard reaction). Antimony trichloride and trichloracetic acid 
in CHClg solution also cause colourations, which vary from sterol 
to sterol, but depend chiefly upon the position and number of double 
bonds in the molecule. These colour reactions are not specific for 
sterols, and are given to some extent by many bile acids and other 
compounds. 

The sterols are colourless substances, which have a characteristic 
absorption spectrum only in the ultra-violet; this is displaced towards 
the shorter or longer wave-lengths according to the number of double 
bonds in the molecule. 

The table below shows the most important natural animal and vegetable 
sterols, and their characteristic derivatives. 

It is noteworthy that ostrcasterol can be converted into dihydro-sitosterol 
(sitostanol) by the addition of four hydrogen atoms; this is a transition 
from a sterol of animal origin to one of plant origin {Bergmann, J. Biol. 
Chem. 104 (1934), 317, 663). Lanosterol, C 30 H 50 O, and agnosterol, C 30 H 48 O, 
were formerly classed with the sterols; they are not, however, cholano 
derivatives, but members of the triterpenoid group {Schulz, Z. physiol. 
Chem. 288, 36). 


BILE ACIDS 

The investigation of the contents of the bile of mammals, birds 
and fishes led to the discovery of the bile acids, which are physio¬ 
logically active in several ways. In constitution they are closely 
related to cholesterol, a fact of great scientific interest. 

They have an important function in fat resorption, which is based 
upon the formation of water-soluble molecular compounds with the 
free fatty acids (“cholic acid principle’*, see Heinrich and Sorge, Z. 
physiol. Chem. 97, 1; Pohl, Z. exp. Med. 30 (1922), 423), and in the 
resorption of provitamin A (carotene, see v. Euler and Kluasmann, 
ibid. 219, 215); further they activate the digestive enzymes (intestinal 
lipase, see Kaziro and Tsuji, J. Biochem. 11 (1930), 333; cf. the 
enzymatic synthesis of cholesterol esters, Nedswedski, Z. physiol. 
Chem. 236, 69; 239, 165; nuclease, see Okamura, Arb. med. Univ. 
Okayama 2 (1930), 245), and show saponin-like properties in their 
control of the hydrogen ion concentration in digestion. They have 
haemolytic properties (see Donnelly and Michell, Amer. J. Physiol. 
79, 297; Sen and Basu, J. Indian Chem. Soc. 6 (1928), 1; limiting 


Acetate 

Benzoate 

Occurrence 

M.p. 

[«]d 

M.p. 

[a]D 


1140 

—■ 47*40 

148 or 1790 

_ 

Constituent of all animal cells 

860 

_ 

116® 

— 

Faeces 

1340 

— 46*80 

162® 


LameUibranchiae (oysters, clams) 

1140 

H- 66*20 

191*60 

-f 74*6® 

Wool fat"] 

1740 

+ 90*20 

2030 

+ 103*6® 

Wool fatj 

1810 

— 90® 

168® 

— 68® 

Yeast, fungi, ergot 

Chief sterol of the fats of higher 
plants 

Calabar beans, carrots, soya beans 

1280 

— 38*60 

146*6® 

— 

1410 

— 66® 

160® 

_ 

1060 

-f 33*6® 

124 or 138® 

+ 36*40 

Yeast 
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cone, for bufo-desoxyoholic acid 1 :3,200, for desoxycholic acid 1 :3,000, 
for apocholic acid 1:1,600, for cholic acid 1:750, see Okamura, 
J. Biochem. 8 (1927), 351; Kaziro and Tmji, ibid. 11 (1930), 333) 
which is shown by their effect on the beating of the heart {Wiehmd 
and Hildenbrand, Arch. exp. Path. 86 (1919), 199; Wielandy ibid. 
86 (1920), 92; Tappolet, C. 1924 I 1411; Takahaahi, C. 1927 II 599; 
“cadechol”, composed of desoxycholic acid and camphor, see p. 282, 
is used pharmaceutically), and by their bactericidal properties 
(Kozlowekiy J. Exp. Med. 42 (1925), 453; Neufeld and Etinger-TuU 
ezynska, C. 1930 I 1483; for the lysis of pneumococci, see Downie, 
Stent and Whiter Brit. J. Exp. Path. 12 (1931), 1; Ziegler, J. Lab. 
Clin. Med. 17 (1932), 317). 

The following table summarises the bile acids so far isolated: 


Bile acid^ 

Formula 

M.p. 

Lithocholic acid (3-hydroxy-cholanic acid) .. .. 

^241^40^3 

186® 

Desoxycholic acid (3:12-dihydroxy-cholanic acid) 

C24H40O4 

172® 

Cholic acid (3:7:12-trihydroxy-cholamc acid) .. 

1 ^ 241140^6 

196® 

3-Hydroxy-12-keto-cholanic acid. 

C«H „04 

166 - 16 C 

Sterocholic acid. 


252® 

Cheno- or anthropo-desoxycholic acid (3:7- 
dihydroxy-cholanic acid) . 

C24H40O4 

140® 

Hyo-desoxycholic acid (3:6-dihydroxy-cholanic 
acid) . 

1^24ll4oll4 

197® 

Urso-desoxycholic acid. 

C24H40O4 

— 

Bufo-desoxycholic acid. 

C24H40O4 

_ 

Nutriacholic acid. 


198® 


In the organism the bile acids are usuaUy conjugated with glycocoU 
or taurine alone, e.g. as glycocholic acid, C^Hg^Oo CO NH CHg COOH, 
m.p. 130®; taurocholic acid, CgsHggOg'CO NH CHg CHjj SOgH, or 
together with fatty acids as glyco- or tauro-choleic acids {Harmrvobrstm, 
Z. physiol. Chem. 43, 127; Wieland, ibid. 106, 181; Tanaka, ibid. 
220, 39; Kazuno and Yamazaki, ibid. 224, 160). 

The varying oxygen content of the acids arises from differences in 
the number of hydroxyl groups present; this is shown by the prepa¬ 
ration of derivatives (e.g. acetyl compounds), and by their dehydration 
and reduction to the saturated cholanic acid, C 24 H 4 QO 2 . Lithocholic, 
desoxycholic, cheno-desoxycholic, hyo-desoxycholic and cholic acids 
all give the same cholanic acid, m.p. 164®; urso-desoxychoHc and 
bufo-desoxycholic acids give isomeric acids, m.ps. 15^ and 236®. 
The position of the hydroxyl groups in the molecule is established 
by oxidation (cf. Schenk, ibid. 87, 71; Borsche, Ber. 62, 1353), and, 
taking advantage of the fact that the reactivity of a hydroxyl de¬ 
pends on its position, by interconversion of the hydroxy-acids 
(cholic acid -> anthropo-desoxycholic acid, see Kawai, Z. physiol. 
Chem. 214, 71; desoxycholic acidlithocholic acid, see Wieland, 
Dane and Scholz, ibid. 211, 266) (cf. also Wieland and Dane, ibid. 
212, 41; Wieland and Kapilel, ibid. 269; Wieland, Dane and Martitis, 

^ For the numbering, see' formula, p. 553. 
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ibid. 216,16); the structures in column I of the above table have been 
determined in this way. 


THE CONSTITUTION OF THE STEROLS AND BILE ACIDS ^ 

1. General considerations. — The double bond of cholesterol, 
which is in ring B, dy- to the OH-group (for a summary of the evidence 
see Windatis, ibid. 213, 148-154), can be reduced catalytically to 
dihydro-cholesterol (/3-cholestanol), m.p. 142®, [aju + 28*8® (ether) 
(acetyl-compound m.p. Ill®); replacement of the OH of the latter 
by H gives the fundamental tetracyclic hydrocarbon, cholestane, 
C 27 H 48 , m.p. 80®. Other natural sterols can likewise be converted into 
their fundamental saturated hydrocarbons. On the other hand. 


Occurrence 


Literature 


Ox bile 
Ox bile 
Ox bile 
Ox bile 
Ox bile 

Ox, goose and hu¬ 
man bile 

Pig and hippopo¬ 
tamus bile 
Bear bile 

Toad bile 
Beaver bile 


Z. physiol. Ch. 73, 234; 110, 123 
Z. physiol. Ch. 97, 1; 98, 69 
Z. physiol. Ch. 80, 297; 106, 193 
Z. physiol. Ch. 214, 47 
Z. physiol. Ch. 214, 67 

Z. physiol. Ch. 140, 167, 186; 148, 226; 167, 180; 
214, 71 

Ann. 433, 282; 447, 233; Ber. 62, 1918 
J. Biochem. 7 (1921), 606; Z. physiol. Ch. 186, 161; 
197, 206 

J. Biochem. 8(1928), 361; 10 (1929), 6; 11 (1929), 103 
Z. physiol. Ch. 220, 106 


most natural bile acids are derived from the hydroxyl-free acid, 
cholanic acid, C 24 H 4 QO 2 , m.p. 164® (p. 556). 

Cholanic acid has three carbon atoms less than cholestane, and the 
relationship which had often been postulated between them was 
established experimentally by Windatis (Z. physiol. Chem. 100, 167): 
he converted cholestane into allo-cholanic acid, and pseudo-cholestane 
into cholanic acid (WindatLS and Neukirchen, Ber. 62, 1915), by oxid¬ 
ation with CrOg, acetone being eliminated: 


yCH, 

C^sHae-CHa-CH^^^ 


oxidation 

-f Ca,H„.COOH 

Isopropyl 
magnesium iodide 


This important relationship was later confirmed by the reverse pro¬ 
cedure, the synthesis of pseudo-cholestane from cholanic ester and 
isopropyl magnesium iodide (Wieland and Jacobi^ Ber. 69, 2064). 

For a long time it was uncertain whether the HO-group in choleste¬ 
rol was on the same C-atom as the HO-group in lithocholic acid. 
This question was answered in the affirmative by the isolation of 
identical or stereoisomeric acids (Wieland and Dane, Z. physiol. 


^ Useful reviews: WindauSj Ann. Rev. Biochem. 1 (1932), 109: Roaen^ 
heim and King, ibid. 8 (1932), 87: Sohoika, Chem. Rev. 16 (1934), 311. 
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Chem. 212, 41) in the oxidative degradation of the carbon skeleton 
(see p. 563). The results obtained mainly by Windaus and his school 
with cholesterol, and by Wieland and his school with the bile acids, 
indicated that both classes of compounds have the same carbon 
skeleton. 

2. Side-chains. — The isopropyl group eliminated in the oxidation 
of cholestane to allocholanic acid (see above) is only a part of a 
longer aliphatic side-chain. The nature of the whole side-chain was 
disclosed chiefly by the oxidation of large quantities of cholesterol 
with CrOg, which gave methyl-isohexyl-ketone (Windav^ and Resau, 
Ber. 46, 1246), and by the oxidation of cholic acid with HNOg, 
which yielded, among other products, a-methyl-glutaric acid, m.p. 
77®. The structures of the side chains 

R.CH(CH 8 ).CH 2 .CHj.CH 2 .CH(CH 3 )jj in cholesterol 
R.CH(CH 8 ).CH 2 .CH 2 .C 00 H in the bile acids 

are thereby established experimentally, and have been confirmed 
by the successive degradation of the side chain of cholanic ester 
(Wielandy Schlichting and Jacobi, Z. physiol. Chem. 161, 80). 

The side chain is not, however, the same in all sterols. Sometimes 
it is unsaturated, and in sterols with more than 27 C-atoms in the 
molecule (cf. table, p. 550) the extra C-atoms form further branches 
in the side chain (Reindel and Kipphan, Ann. 493, 181; Quiteras, 
Nakamiya and Inhoffen, Ann. 494, 116; Guiteraa, Z. physiol. Chem. 
214, 89): 

e.g. Ergosterol C 28 H 44 O: R.CH(CH 8 ) CH=CH.CH(CH 3 ).CHCCHa)^ 
Stigmastorol C 23 H 48 O: R-CH(CH 8 ).CH=CH-CH(C 2 H 5 ).CH(CH 8 ) 2 . 

Finally, the sterols and bile acids contain two methyl groups attached 
to tertiary carbon atoms; the position of these will be dealt with 
after the discussion of the fundamental carbon skeleton. 

3. The tetracyclic ring-system, — The determination of the 
structure of the fundamental ring-system, which, according to the 
empirical formula for cholestane, contains four hydroaromatic rings, 
was much more difficult. 

Systematic application of the method of oxidative fission of the rings 
one by one established the positions of the hydroxyl groups and of any 
double bonds present, and the size of ring broken could be discovered by 
using Blanc^a rule. According to this(C. r. 144,1366), when a dicarboxylic acid 
is heated with acetic anhydride, or its Ca salt distilled, an anhydride is ob¬ 
tained if the carboxyl groups are in the 1*3, 1*4 or 1*6 positions, and a ketone 
if they are 1*6 or greater. The results of more recent investigations have 
shown, however, that with complex dicarboxylic acids, Blanc’s rule may 
fail, and the use of it led to errors in the determination of the size of one 
of the rings (Wieland and Dane, Z. physiol. Chem. 210, 276). For this reason, 
the ring-system below originally su||ested has not been confirmed by later 
work (see Wieland, Ber. 67 (A), 27—39). 
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The dehydrogenation of cholesterol and the bile acids by Diels’ 
method with selenium or with palladium, taken in conjunction with 
the oxidation results, finally established the ring-system present, 
and showed the above formula to be incorrect. Dehydrogenation 
gave as chief products two hydrocarbons, chrysene, CigHjg, and its 
precursor, the hydrocarbon CigHig, 3-methyl-cyclopentenophenan- 
threne (Diels, Oddke and Kording, Ann. 459, 1; Diels and Karstens, 
Ann. 478, 129; Diels and Oddke, Ber. 68, 1231; 60, 140; Ruzicka, 
Goldberg and Thomann, Helv. 16, 812; synthesis: Harper, Kon and 
Ruzicka, J. 1934, 124; Hillemann, Ber. 68, 102). The transformation 
of the latter into chrysene is analogous to other pyrogenic ring- 
enlargements which are known (Rai^nitz, Petrii and SUidler, Ber. 
66 , 879; Linstead, “Dehydrogenation”, Ann. Rep. Chem. Soc. 33 
(1936), 294). 


Diels* hydrocarbon CjgHig Chrysene 

The determination of the size of the elementary cell in sterol 
crystals by the X-ray method (Bernal, Chem. and Ind. 61 (1932), 466; 
Nature 129 (1932), 277) was also important evidence. The results 
were quite incompatible with the old formula, using the known 
atomic distances, but in good agreement with the new formula. 

As the result of these new chemical and physico-chemical investig¬ 
ations, the fundamental tetracyclic skeleton of these compounds 
can be given the following formula (Rosenheim and King, Chem. 
and Ind. 61 (1932), 954; Wieland and Dane, Z. physiol. Chem. 
210, 274): 

CH3 

On C-atom 17 

in cholesterol derivatives: —CH • CHj • CHg • CH, • CH • CHj 
CH 3 CH, 

in bile acids: —CH-CH,.CH,.COOH 
CH, 

The oxidative degradation of the tetracyclic ring-system ,—Of the 
enormous amount of experimental work, only that essential for the 
determination of the ring-system is mentioned here. 

a) Ring A. The following degradations of cholesterol, coprosterol 
and lithocholic acid show the relationships in the 6-ring A. In 
cholesterol, coprosterol and the bile acids, this ring carries a hydroxyl 
in position 3, and it is important to note that the bond which is 
broken to open the ring on oxidation is determined by the spatial 
configuration about the (X-atom (Wieland, Dane and Martins, Z. 
physiol. Chem. 215, 18). In coprosterol and lithocholic acid, which 
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Cholestan-S-one Dicarboxylic acid: €*7114504 Pyroketone: CJJ 4 H 44 O. 
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have the cis-decalin configuration at this C-atom (Ruzicha, Furter 
and Thomann, Helv. 16, 327), ring opening takes place chiefly bet¬ 
ween Cg and C 4 ; in reduced cholesterol derivatives and allo-cholanic 
acid derivatives, which have rings A and B condensed together in 
the trans position, it takes place between Cg and C 3 (iso-acid series). 
The above formulae (p. 554) show the most important relationships 
of ring A; an important point to be noted is that coprosterol 
and lithocholic acid are degraded to the same dicarboxyUo acid, 
lithobilianic acid (Langer, Z. physiol. Chem. 216, 189). 

The conversion of cholestanol and of hyo-desoxycholic acid into 
3-hydroxy-allo-cholanic acid {Windatis and Hossfeld, Z. physiol. Chem. 
145, 177; Wieland and Dane, ibid. 212, 41) is a further argument 
in favour of the conclusion that the hydroxyl group in ring A occupies 
the same position both in the sterols and the bile acids. 

b) Penetration from ring A into ring B. Further oxidation of 
lithobilianic acid (mentioned above), and of the so-called “Diels* 
acid*’, can lead to the opening of ring B which is attached to ring A. 
It is important to note that here, too, both acids give the same 
final degradation product (Windam, Ber. 42, 3770; Wieland and 
Kulenkampff, Z. physiol. Chem. 108, 295; Wieland and Schulenburg, 
ibid. 114, 167; Wieland, Dane and Scholz, ibid. 211, 261); cf. formulae 
on p. 554. 

c) The size of ring B is shown most clearly by the behaviour of 
the dicarboxylic acid (II), C 27 H 4 g 04 , obtained by oxidation of 
cholestane- 6 -one (I). Thermal decomposition of its Ba salt yields 
a pyro-ketone, C 26 H 44 O (III) {Stange, ibid. 218, 74; cf. formulae, 
p. 555). 

d) Ring C. This 6 -ring can only be attacked by oxidation by 
starting with the bile acids, and in particular with desoxycholic acid. 
Further degradation of the acid obtained leads finally by various 
routes to cyclopentane-carboxylic acids, which are derivatives of 
ring D. Two such ways are shown on page 556: (I) from 12-keto-cholanic 
acid (Wieland and Posternak, ibid. 197, 17), and (II) from desoxy¬ 
cholic acid, via desoxybilianic acid (Wieland and Schlichting, ibid. 
134, 276; Wieland and Dane, ibid. 216, 93). 

e) Ring D. This last ring can only be opened by oxidation by 
progressive degradation of the side-chain (Wieland, Schlichting, and 
Jacobi, ibid. 161, 80). This leads to aetiobilianic acid, which is 
pyrolysed to an anhydride. Ring D thus behaves as a 5-ring, in 
agreement with the results given under d). It should be noted that 
aetiobilianic acid is dehydrogenated by Se to the known 1:2-dimethyl- 
phenanthrene (Butenandt, Weidlich and Thompson, Ber. 66 , 601), 
which proves that rings A, B and C form a phenanthrene ring-system 
(see formulae, p. 556). 

The following observations indicate the steric configuration of the 
rings. The behaviour on pyrolysis of the dicarboxylic acids obtained 
by the fission of ring A between Cg-g and 03-4 (WindatLS, Ann. 447, 
233), and the comparison of the physical constants (density, mole¬ 
cular refraction, m.p.) with those of decalin-derivatives (Ruzicka, 
Furter and Thonmnn, Helv. 16, 327), shows that rings A and B are 
cis in cholanic acid and coprosterol. In a similar way, it is shown 
that in cholestane the two rings are condensed in the trans arrange¬ 
ment (Lettrd, Z. physiol. Chem. 221, 73). From the X-ray results, 
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rings B and C are in the trans position (Ruzicka, Futter and Thovrumn^ 
loo. cit.). The trans configuration of the tricarboxylic acid 
(see above), obtained by the degradation of desoxycholic aSd, in¬ 
dicates that rings C and D are in the trans position (Wieland and 
Dane, Z. physiol. Chem. 216, 91). 

4. The position of the two methyl groups and of the side chain: 
Of the two quaternary methyl groups present in the sterols and 
bile acids, one was found to be next to the carboxyl group of the 
tricarboxylic acid, CjaHgoOg, from desoxycholic acid (Wieland and 
Dane, loc, cit.)i.e. onCi 3 (sterol numbering); one of the methyl groups 
is eliminated as methane in the thermal decomposition of ergosterol- 
pinacol (cf. the formation of neo-ergosterol from ergosterol-pinacol, 
Inhoffen, Ann. 497, 130). A strict proof of the presence of a methyl 
group at Cjo emerged also from work on the sex hormones (Marker, 
Kamov, Oakwood and Laurius, Am. 68 , 1503). The position of the 
other methyl on Cip is determined by the tertiary character of the 
carboxyl CTOup in the monocarboxylic acid, C 24 H 42 O 0 , obtained from 
cholesterm by the following steps (Tscheache, Ann. 498, 185): 



Cholestenone Keto-acid €24114408 Acid C 24 H 42 O 2 . 


The formation of a-methylglutaric-a-carboxylic acid from the 
diketo-dicarboxylic acid, C 29 H 340 e (cf. series II, p. 556), is also in 
favour of this view (Wieland and Vocke, Z. physiol. Chem. 177, 68 ). 
The degradation of the tricarboxylic acid, C^gH420Q, from cholesterol, 
to a tricarboxylic acid, CasHggOe, which is a malonic acid, gives 
further support (Windaus, Rosenbach and Riemann, ibid. 130, 113). 

Finally, the position of the side-chain remains to be determined. 
. It is placed on C 17 of the 5-ring because bile acids which have a carb¬ 
onyl group at C 12 can undergo intramolecular condensation in a 
kind of Perkin reaction (Wielai^, ibid. 142,191; Wieland and Schlich- 
ting, ibid. 160, 273; Wieland and Wiedersheim, ibid. 186, 229; Borache, 
Ber. 47, 1435); e.g. 12-keto-cholanic acid, € 24113303 , is converted 
into norcholene, C 23 H 33 : 



12-Ketocholanic acid Norcholene Methylcholanthrene 


The dehydrogenation of norcholene with Se gives the yellow methyl- 
cholanthrene^ C 2 iHie, m.p. 174® (Wieland and Dane, Z. physiol. Chem. 
219, 240), a strongly cafcinogenic compound, the constitution of 
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which has been proved by both degradation and synthesis (Cook 
and Haaleiwod, J. 1934, 428; Fieser and Sdigman, Am. 67, 942). 

Further evidence comes from the analogous cyclisation of pyro- 
desoxybilianic acid, 02 ^ 3 ^ 04 , to the unsaturated ketone, 

(Shimizu and Kazum>,^. physiol. Chem. 224, 155). 

The results obtained from all this painstaking experimental work 
lead to the following formulae for cholesterol, the most important 
sterol, and cholic acid: 



CH3 


jjQ jj HC—CH2“4])H2—UOOH 


xrn I I I nw (* signifies cis- 

decalin configuration) 

Cholic acid C 24 H 4 QO 5 [3:7:12»trihydroxy-cholanic acid]. 


The other bile acids in the table on p. 550 have a similar structure. 
The constitution of ergosterol, the most important of the sterols with 
several double bonds, has been completely established: it is as follows 
(Windaus, Inhoffen and v. Reichel, Ann. 610, 248; see Cook, Ann. 
Rep. Chem. Soc. 1936, 346): 



Interesting intermediates in the biological degradation of cholesterol 
to the bile acids are found in tetrahydroxy-bufostane and scymnoL 

The winter bile of the toad vulgaris ja'ponicus contains a tetrahydric 
sterol alcohol, tetrahydroxy-bufostane, CS 7 H 43 O 4 , m.p. 230® (tetracetate 
m.p. 66 ®). The function of the four oxygen atoms is shown by its oxidation 
with CrOj to a triketo-monocarboxylic acid, C 27 H 40 O 4 , m.p. 222® (methyl 
ester trioxime m.p. 216®) (Makino, Z, physiol. Chem. 220, 49). 
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A sterol still richer in oxygen, scymnol^ C 27 H 4 e 05 , m.p. 187® (tetracetate 
m.p. 148®), occurs as a sulphuric ester in the bile of sharks. That it has a 
tetracyclic structure is proved by its reduction by HI to the hydrocarbon 
scymnane, C 27 H 4 g. The CrOg-oxidation to the triketo-monocarboxylic acid, 
CgfHggOe, m.p. 236® (trioxime decomp. 240—260®), shows that of the four 
hydroxyls of scymnol, three are present as secondary alcoholic, and one as 
a primary alcoholic group. The formation of a chlorhydrin proves that 
the fifth indifferent oxygen atom is present in an ethylene oxide ring, and 
the position of this is given by further oxidation of the above acid to the 
triketo-mono-carboxylic acid, CJ 4 H 84 O 5 , m.p. 220® (methyl ester m.p. 233®), 
which is isomeric with dehydrocholic acid (3:7:12-triketocholanic acid). 
Since Clemmensen reduction gives 7:12‘diketocholanic acid, m.p. 176® 
(methyl ester m.p. 136®), the position of two of the hydroxyl groups on 
the ring is established {Windaus^ Bergmann and Konig, ibid. 189, 148; 
Tacheache, ibid. 203, 263); hence scymnol is given the following constitution: 


CH3 CHo 



The sterols and bile acids are related to other important classes 
of compounds, such as the toad poisons, dealt with in the previous 
section, but more particularly with the physiologically important 
sex hormones (see p. 588), the saponins (p. 512) and the cardiac 
aglycones of the cholane group (see p. 525). The following formulae 
summarise these relationships: 

CH3 CH3 

Cholestanol [C^HaiO] • (llH—CHg—CHg—CH 2 —ijH—CHg 


Scymnol • CH—CHg—CH, 




CHoOH 


CHg 

Bile acids [CigHsiOi-gl iH—CHg—CH*—COOH 
CH- -O 

Toad poisons [Cj9H2708l- IUh =CH—CO 

( 29 )( 4 ) 

CH-O 

Digitoxigenin [C 19 H 31 O *] • lU H,—io 


Bregnanediol [CnHgiOJ'CHOH (see Hormones) 
Sex hormones 


male: [Ci 9 H 8 oO ]:0 (see Hormones), 

female: [CxgHggObO (see Hormones) 
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The conversion of ergosterol, into the isomeric vitamin 

Dg is discussed in the next section. 

VII. VITAMINS 1 

The vitamins (so called by Funk in 1912) are constituents of human 
and animal foods, which in minute quantities are decisive for the 
maintenance of metabolism equilibrium, and hence for the preserv¬ 
ation of health. On account of the small quantities present they 
are of no significance as suppliers of energy, but they are very im¬ 
portant as organic catalysts in the degradations and changes which 
take place in the organic substances and minerals absorbed in the 
food. With the exception of a few animals which are able to build 
up this or that vitamin in their own organism, the vitamins are formed 
exclusively by the higher and lower plants (fungi, bacteria). A few 
vitamins are produced by the plant as an inactive precursor, the 
provitamin, which can then be converted into the active vitamin 
in the animal or human organism, either by a simple change, e.g. 
carotene -> vitamin A, or by irradiation, as with ultra-violet light, 
ergosterol -> vitamin Dg* 

Certain diseases have long been known, the origin of which appeared 
to be connected with diet; they could be cured by changes in the 
food eaten, a fact which attracted the attention of physicians. For 
example, it has been known since 1804 that the disease of scurvy, 
so much feared in earlier times, could be avoided or cured by admini¬ 
stration of lemon juice; the same is true of the beri-beri of Eastern 
countries, which can be cured by the addition of rice-polishings to 
the diet, as was shown in 1885 by Japanese and Dutch investigators. 
It was some time, however, before it was clearly understood that 
the food contained a definite compound responsible for the curative 
action. 

OrijttSf in 1901, was the first to give a clear definition of a 
deficiency disease or avitaminosis on this assumption. 

The systematic scientific investigation of the vitamins only began, 
however, when it was learned how to produce deficiency diseases 
artificially in animals. Steps were taken in this direction by Lunin 
in 1881, in his experiments on the feeding of rats with a mixture 
of the organic and inorganic constituents of milk (Z. physiol. 
Chem. 5, 31). Little attention was, however, paid to these systematic 
experiments, until in 1897 Eijkman succeeded in producing artificial 
beri-beri (Polyneuritis gcUlinarum) in hens and pigeons by feeding 
them on polished (“over-milled”) rice. Then followed the successM 
experiments of Holst and Frolich (1907) on the creation of scurvy 
in guinea-pigs, and Stepp's experiments on growth with mice (1909), 
and later the very significant results with rachitic rats (McCollum), 
Pioneering work on the investigations with animals was carried 
out by Osborne and Mendel, by Hopkins, by McCollum, Windaus 
and many others. 

These animal experiments, which were considerably improved in 
technique in the course of years, were for some time the only indi- 

^ For further details see Harris, Vitamins in theory and practice, 
Cambridge U.P. 1937; Sherman and Smith, The Vitamins (Revised 
Edition), Am. Chem. Soc. Monographs. 

Richter*AnschQtz it. 
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cations of the isolation of the vitamins from the natural products. 
Later, however, characteristic chemical and physical reactions were 
introduced for their detection, and these were to some extent 
adapted to quantitative estimation. For example, vitamin A gives 
an intense blue colouration with antimony trichloride in chloroform 
(Carr-Price reaction: Biochem. J. 20 (1926), 497); vitamin C is 
distinguished by its strong reducing action towards silver salts 
(Zilva, ibid. 18 (1924), 182, 632) and 2:6--dichlorophenol-indophenol 
(TiUmans and co-workers, Z. Unters. Lebensm. 63 (1932), 241, 267, 
276; Tillmans and Hirsch, N. 21 (1933), 314), while vitamins A 
and D have a characteristic ultraviolet absorption spectrum. By 
using these reactions, and with the aid of animal control experiments, 
the following vitamins have been isolated in the pure state in the 
years shown, their constitutions have been determined and some 
have been sjmthesised. 

Vitamin A: from liver oils. 

Vitamin B^: from rice polishings (1926), and later from yeast 
(1931). 

Vitamin Bgi from whey and white of egg (1933). 

Vitamin C: from adrenal cortex, oranges, cabbages etc. (1928, 
1933). 

Vitamin Dg: from ergosterol (1931). 

Vitamin Dg.- from tunny-fish liver oil (1936). 

Vitamin E: from wheat germ oil (1936). 

The existence of several other vitamins has been established by 
deficiency phenomena in experiments with animals. 

a) FAT-SOLUBLE VITAMINS A, D AND E 

In the study of the vitamins it is often found that several vitamins 
established by recent investigation were originally taken for one 
vitamin. This was the case with vitamins A and D; the mistake 
was aided by their mutual occurrence in cod liver oil, egg yolk, 
milk and butter, and by their similar solubility relationships, both 
being constituents of the unsaponifiable part of these fats and 
oils. Finally, however, it became clear that the two vitamins were 
distinct, since A was more sensitive to heat than D, and because 
the ergosterol of yeast could be converted into a vitamin D by 
ultraviolet irradiation. 


1. VITAMIN A 

The fat-solvble Orowth Vitamin; ArUi-xerophthalmic Vitamin 
The fat-soluble vitamin A is particularly necessary for the growing 
organism. Thus xerophthalmia, an eye disease occurring in child¬ 
hood, which was epidemic in Japan in 1904 and occurred amongst 
children in Denmark in the War, was shown to be a typical avitamin¬ 
osis by animal experiments carried out upon young rats and mice 
by Stepp (1909), McCollum (1913), Mellarihy and others. Not all 
animals fed upon a vitamin A-free diet develop the eye disease, 
but the stoppage in growth which always takes place in animal 
experiments wows that vitamin A is essential for normal growth; 
hence it is also known as the fat-soluble growth vitamin. Deficiency 
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in vitamin A in children and adults causes a particular sensitivity 
towards a number of infectious diseases, a fact confirmed by numerous 
animal experiments. The so-called night-blindness (hemeralopia) 
also appears to be connected with a deficiency in vitamin A (v, Euler 
and Hellatrdm, C. 1933 II 3152). 

The chief source of vitamin A is the liver oils of fishes (cod liver 
oil), but these can show great variations in biological value (cf. Seel, 
Z. Vitaminforschung 1933 II 82). The content of vitamin A is also 
high in egg-yolk, milk and butter, while commercial animal fats 
(e.g. lard) and vegetable fats and oils do not contain any. 

The further investigation and later isolation of the vitamin were con¬ 
siderably aided by the intense blue colour which it gives with AsOls {O, Rosen¬ 
heim and Drummond, Lancet 198 (1920), 862) or better with SbCI, {Carr 
and Price, 1926; see introduction) in CHCI 3 solution. This convenient and 
sensitive colour reaction is specific for vitamin A only in the absence of 
carotenoid pigments, since these substances also give a blue colour, in¬ 
distinguishable except with the spectroscope'. 

Chief absorption of the blue solution formed with SbCls 
by carotene by vitamin A 

590 mfjL 572 m// (and 606 mjj). 

This forms the basis for a colorimetric estimation of the content of 
vitamin A solutions {Brockmann and Tecklenhurg, Z. physiol. Chem. 221,117). 

Vitamin A itself has an absorption band in the ultraviolet at 328 m/<, 
a fact used as an indication in the isolation process. 

Relationship of the Carotenoids to Vitamin A 

Great theoretical and practical interest attaches to the discovery 
[Moore, Biochem. J. 23 (1929), 803; v, Euler and Rydhom, C. 1930 I 
3324) that carotenoid pigments can be converted in the liver into 
vitamin A; this is particularly the case with a-, p- and y-carotene, 
the deeply-coloured hydrocarbons, C 4 oH 5 g, which occur chiefiy in 
the carrot, and with kryptoxanthin, C 4 OH 50 O (see Natural Co¬ 
louring Matters, p. 412): 

C4oH6e+2H30=2C«>H3oO . 

The animal organism can store vitamin A in various tissues and organs, 
particularly in the liver. The manner in which vitamin A takes part in the 
metabolism is not yet known. 

Isolation. All the experiments directed towards the isolation of vitamin A 
originated with the discovery of McCollum and Davis (J. Biol. Chem. 19 
(1914), 245) that vitamin A (and D) remained in the unsaponifiable fraction 
of cod liver oil. The liver oil (halibut liver oil is particularly rich [^arrer]) 
is saponified with boiling alcoholic potash with exclusion of air, and the 
unsaponified part extracted with ether. The separation of the sterols, by 
precipitation with digitonin or by cooling a methyl alcoholic solution to 
—60®, leaves a yellowish oil, which is a concentrate of vitamin A with a 
little D. Further purification is carried out by adsorption on aluminium 
hydroxide [Karrer and Morf, Helv. 14, 1033; Karrer, Morf and Schopp, 
ibid. 1036, 1431), or by high vacuum distillation at 10-* mm. [Heilbron 
and co-workers, Biochem. J. 26 (1932), 1178). The oily preparations so 
obtained are active in growth experiments in doses of 0*6 y and 0 * 1 . y 
respectively. 

Vitamin A, CgoHj^OH, is a pale-yellow oil, m.p. 7-8® [Holmes and Corbet, 
Am. 69, 2042); its acetyl, benzoyl and p-nitrobenzoyl derivatives are not 
crystalline. Its absorption spectrum shows a main band in the ultraviolet 
at 328 m/i. It gives an intense blue colouration with AsCl, and particularly 
with SbCl* in chloroform solution. When oxygen is excluded it can be 

36* 
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boiled for a long time without change; it is immediately destroyed by 
bromine and oxidising agents. Ozonolysis leads to the isolation of geronic 
acid, showing the presence of a ^-ionone ring {Karrer, Morf and Schopp, 
Helv. 4, 1036, 1431) (see also /5-carotene, p. 412). On dehydrogenation 
with selenium a second ring is formed and two methyl groups and part 
of the side-chain are eliminated, giving 1 : 6 -dimethyl-naphthalene {Heil- 
bron, Morton and Webster, Biochem. J. 26 (1932), 1194): 


H,C^ CH. 

\C-CH: 


HjC 

H,C 


H. 


CHa CHa 

C-CH.CH.CrCH.CHiCH.CiCH-CHaOH 
C'CHa Vitamin A. 


HaCv^^^CHa 
HjC/ \C00H 

1 9 . 

HjC,. /C-CH, 
Geronic acid 


I 

CHa 


\/\/ 


ICH, 


The similarity in the formulae of vitamin A and the carotenoids is mentioned 
on p. 421. It is important to note that in agreement with the formulae, 
/^-carotene, which by central fission can give two mols. of vitamin A, is the 
most active in animal experiments. This conversion into vitamin A appears 
to depend upon the presence of at least one ionone ring; hence the purely 
aliphatic polyene, lycopene, C 4 QH 58 (p, 412), which often occurs with the 
carotenes, is not a provitamin A, and kryptoxanthin, C^^soC (p. 412), 
is the only xanthophyll which shows vitamin A activity. These facts are 
of great practical significance for those peoples whoso chief food is maize. 


2. VITAMINS D 

A ntirachitic Vitamins 

The fat-soluble D vitamins influence the mineral metabolism, 
particularly the calcium phosphate metabolism. They are of great 
practical significance, since a deficiency can lead in the first few 
years of life to a considerable and permanent deformation of the 
bones (rickets). The formation and preservation of the teeth also 
appear to be influenced by these vitamins. Hence it is clear that 
the D vitamins are of special significance for the small child and 
the growing animal; it is comparitively seldom that adults show 
signs of any deficiency in these vitamins, but the occasional occurrence 
of osteomalacia, the rickets of adults, shows that even in maturity 
the antirachitic vitamins are not entirely unnecessary. 

The avitaminosis concerned here is rickets, although the disease 
doubtless has more complex causes, like the avitaminoses connected 
with other vitamins. Its chief symptom is the lack of hardening of 
the growing bone-tissue by the inclusion of calcium phosphate; the 
bones remain soft and suffer marked deformations. Rickets is shown 
clinically by a deficiency of phosphates in the blood, and by the 
very typical X-ray diagram of the growing part of the bones. Rats 
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are used for the animal experiments, since they readily develop the 
symptoms of rickets when fed on a suitable vitamin D free diet. 

It has long been known that rickets can be decreased or cured 
by two factors: by irradiation with ultraviolet light, and by the 
addition of cod liver oil to the diet. The latter Sict indicated at 
once that the curative factor might be present in a fat; but the 
curative effect of ultraviolet light did not seem to favour the presence 
of an avitaminosis. Today, as a result of many years of investig¬ 
ation, we know that it is an inactive “provitamin” that is con¬ 
verted into vitamin D by the irradiation of the skin or food with 
ultraviolet light, while the liver-oils of fishes, especially cod liver 
oil and halibut liver oil, contain an antirachitic vitamin in the active 
form. The vitamin is also found in small quantities in milk, butter 
and yolk of egg. 

The first attempts to isolate the vitamin were carried out upon 
cod liver oil, and they indicated the properties important for the 
isolation, viz. its presence in the unsaponifiable fraction of cod liver 
oil, and its complete analogy with the sterols in solubility; it differs 
from these, however, by the fact that it is not precipitated by 
digitonin (Nelson and Steenbock, J. Biol. Chem. 64 (1925), 299). 

A discovery of the greatest importance for the further development 
of the problem was that the vitamin is contained in certain fats, 
or in their sterol fractions, in the form of an inactive “provitamin”, 
which is converted by ultraviolet light into a vitamin I) (Steenbock, 
Science 60 (1924), 224; Hess, ibid. 269; Steenbock and Nelson, J. Biol. 
Chem. 63 (1924), 209). The isolation was thereby coupled with the 
study of this mother substance. Since cholesterol, after repeated 
crystallisation, still developed vitamin D activity on ultraviolet 
irradiation, it was at first thought that this sterol was the provitamin 
(Hess, Weinstock and Sherman, J. biol. Chem. 67 (1926), 413). This 
idea was soon shown to be erroneous, since cholesterol purified through 
its dibromide invariably gave an inactive product on irradiation 
(Hess and Windaus, Proc. Soc. Exp. Biol. Med. 24 (1927), 369). The 
provitamin, now established as a substance accompanying cholesterol, 
could also be completely removed by other means, e.g. oxidation 
with permanganate in acetone or adsorption on animal charcoal. 

The tenacity with which the provitamin accompanied cholesterol 
indicated that it was very probably one of the sterols which is sensi¬ 
tive to oxidation. At this stage a considerable advance was made 
by the measurement of the ultraviolet absorption spectrum of 
cholesterol containing the provitamin; this showed that ordinary 
cholesterol contained Vflo% impurity with a selective ab¬ 

sorption in the long ultraviolet; the absorption maxima were at 293*5, 
281*5 and 265 m/<, and were displaced towards the shorter ultra¬ 
violet by irradiation (Hess and Weznstock, Lancet 210 (1926), 12; 
Hess, J. Amer. Med. Assoc. 84 (1925), 1910, Deut. Med. Woch. 62 
(1926), 577). This showed at the same time that the provitamin 
must be a strongly unsaturated sterol; attention was at once directed 
towards ergosterol, C 28 H 44 O, m.p. 165®, prepared from ergot of rye 
(Tanret, C. r. 147, 75), and later from other fats derived from fungi, 
especially from yeast fat (McLean and Thomas, Biochem. J. 14 
(1920), 483) (see Sterols, and Windaus and Hess, Nachr. (les. Wiss. 
Gottingen, 1926, 175; Windaus, Chem.-Ztg. 61 (1927), 103). 
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Ergosterol did in fact agree in its ultraviolet absorption with the 
provitamin accompanying cholesterol {Pohl, N. 16 (1927), 433; 
Windatis and Hess, loc. cit.; Rosenheim and Webster, Biochem. 
J. 21 (1927), 389; Lancet 213 (1927), 622; Heilbron, Kamm and 
Morton, Biochem. J. 21 (1927), 78), and also in its sensitivity towards 
oxidising agents, and its ease of adsorption by active charcoal; 
further, irradiation caused a displacement of the absorption towards 
the shorter ultraviolet, with the formation of vitamin Dg (calciferol), 
a substance still active in minimal doses, and no longer precipitated 
by digitonin. 

The isolation of the pure crystalline vitamin from the oily irradiation 
product of ergosterol was a difficult problem and after several years* effort was 
first achieved in 1930 {BourdiUon and co-workers, Proc. Roy. Soc. London 
107 B, (1930), 76: 1931, 108 B, 340; 1932, 109 B, 488; Windaus and co- 
workers, Ann. 489, 262, 269; 492, 226; 493, 260). 

The compound was called calciferol by the English workers, and at first 
vitamin by the German. The name was later changed to vitamin Dg 
when it was realised that the preparation called Dj was a molecular 
compound of the true vitamin and its irradiation product, lumisterol. 

Vitamin Dg (calciferol), C 28 H 44 O, m.p. 116-116®; [a]D + 103®, [a] 54 e + 124® 
(alcohol); chief absorption band at 266 m/i; it contains three rings and 
four double bonds; one of the latter is in the side-chain in the same position 
as in ergosterol, and two are conjugated. Vitamin Dg is not precipitated 
by digitonin, and can be distilled unchanged in high vacuo. 3:6-Dinitro- 
benzoate m.p. 148—149®, [a]D + 65®* Dihydrovitamin Dg, C 28 H 4 eO, m.p. 66 ®, 
[a]D 4“ 8*0®, obtained by reduction of the vitamin with Na and alcohol, 
is inactive (Windaus and co-workers, Ann. 492, 226; other references will 
be found in this paper). Heating the vitamin to 190® causes isomeri¬ 
sation with formation of an inactive, non-poisonous molecular compound 
(m.p. 122—124®) of isopyrovitamin (m.p. 112—116®, precipitated by digitonin) 
and pyrocalciferol, m.p. 94-96® (Busse, Z. physiol. Chem. 214, 211). 
Vitamin Dg preparations are used therapeutically and prophylactically. 

The vitamin Dg obtained by the irradiation of the provitamin ergosterol 
was for some years the only compound with antirachitic activity known. 
It was then slmwn, however, that 7-dehydro-cholesterol, C 27 H 43 OH ( Windaus, 
Lettri and Scnenck, Ann. 620, 98) was converted by ultraviolet irradiation 
(Windaus, Schenck and v. W&rder, Z. physiol. Chem. 241, 100) into a new 
antirachitic substance, which is called vitamin (3:6-dinitrobenzoate 
m.p. 129®; allophanate m.p. 173®). 

The same vitamin Dg has been isolated with great difficulty as the 
3: 6 -dinitrobenzoate from tunny-fish liver oil (Brockmann, Z. physiol. 
Chem. 241, 104). This shows that the antirachitic constituent of this fish 
liver oil is derived from cholesterol, and not from ergosterol. It should be noted 
that 7-dehydro-sitosterol also becomes antirachitic on irradiation (Wunder¬ 
lich, ibid. 116), This shows that there are several provitamins D, and that 
they are in all probability the 7-dehydro-sterols which accompany natural 
sterols, and are converted by irradiation into the various antirachitic 
vitamins. 

The determination of the constitution of the D vitamins obtained by 
the irradiation of various provitamins was of the greatest importance, and 
was carried out with ergosterol (provitamin Dg). 

It was shown by Windaus and his collaborators (Ann. 499, 188; Z. physiol. 
Chem. 216, 183) that the photochemical change of ergosterol produces a 
series of intermediates and by-products, of which the allowing appear to 
form a series, each being an isomer of the original sterol: 

Ergisterol —lumisterol —>■ taohysterol —>• vitamin Dg suprasterol -> 
toxisterol (an inactive, somewhat poisonous, product of over¬ 
irradiation). 
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The first product of the irradiation, lumisterol^ C 28 H 44 O, m.p. 118®, 
[a]D + 191*6® (acetate m.p. 100®, [a]D + 162*8®), is a stereoisomer of ergo- 
sterol, differing from the latter in the spatial arrangement at Cjo of the sterol 
skeleton (see p. 663) Dimroih^ Ber. 69, 1123; HeiJhron, Spring and Steimrt, 
J. 1935, 1221). Then follows a decisive step in the direction of the vitamin 
by the conversion into tachysterol, C 28 H 44 O, [ajo — 70®, an oil which 
contains only three rings, and hence four double bonds. Thus one ring of 
ergosterol or lumisterol is oi)ened by the action of ultraviolet light with 
the formation of a new double bond (Lettri^ Ann. 611, 280). This important 
fact was confirmed by the following results: ( 1 ) tachysterol is no longer 
dehydrogenated by Se at 320® to Diels’ hydrocarbon, (see p. 663), 

which is characteristic of the tetracyclic sterol skeleton; ( 2 ) catalytic hydro¬ 
genation of derivatives of tachysterol and titration with perbenzoic acid 
show the presence of four double bonds. 

Vitamin Dg (calciferol), C 28 H 44 O, is closely related in structure to 
tachysterol, and differs only in the position of the double bonds. Both sub¬ 
stances are reduced by Na and alcohol to the same tlihydro-compound, in 
which three double bonds can still be detected with perbenzoic acid and by 
refractometric measurements {Beichel and Deppe, Z. physiol. Chem. 289, 143; 
Midler, ibid. 283, 223). Vitamin D 2 itself takes up four mol. of hydrogen in 
micro -hydrogenation. 

It is ring B (see p. 663) of ergosterol that has been opened, between C# 
and c,o; this was proposed by Letiri (Z. angew. Chem. 48, 162) and Schmidt 
(Ber. fe, 796) on the basis of the double bond rule of the latter, as being 
the ring bond easiest to break. 

The experimental proof of the position where the ring has opened was 
brought forward simultaneously by HeiJhron and his collaborators (Nature 
185 (1936), 1072) and by Windaua and Thiele (Ann. 621, 160); the latter 
also determined the position of the new double bond, and hence established 
completely the constitution of vitamin Dg (calciferol). From their experi¬ 
ments which are briefly described below, WindatLS and Thiele (loc. cit.) 
proposed the following structural formula. Vitamin Dg was later given a 
similar formula {Windaus, Schenck and v. Werder, Z. physiol. Chem. 241, 
100; Brockmann, ibid. 104). 



CHg CH3CH3 

R=: —CH.CH=CH—CHCHCH, 

Vitamin Dj (calciferol) 

CH3 CHg 

R= ~-CH.CH2CH2-CH2CH.CH3 

Vitamin Dg 

The decisive results in favour of this structure were obtained by 
ozonolysis of the maleic anhydride adduct of vitamin Dj, or of its 
dihydro-derivative, and the dehydrogenation of the same products with 
Pd or Se. 
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R 



R=C 9 Hi,: vitamin adduct 

dihydrovitamin adduct 


In the ozonolysis {Windaua and Thiele, Ann. 621, J66), rings C and D of 
the original sterol skeleton are obtained as the saturated ketone C„H„0 
(semicarbazone m.p. 226®; oxime m.p. 129*6®), which can only have the 
following formula: 



3 CH 

OHC'^ 

Ci,H840 Aldehyde, 


The other half of the molecule of vitamin Dj, including ring A of the original 
sterol skeleton, can be isolated by dehydrogenation of the adduct with Pd, 
as naphthalene or /5-naphthoic acid, or with Se as 2:3-dimethyl-naphthalene, 
in good agreement with the above formula for the maleic anhydride adduct. 

The same structure follows from the experiments of Heilbron and his 
collaborators. They obtained (loc. cit.) by the chromic or permanganate 
oxidation of calciferol itself or its acetate an oily, a^-unsaturated aldehyde, 
CjiH840 (semicarbazone m.p. 242®), for which they have established the formula 
shown above {Heilbron, Jones, Sament and Spring, J. 1936, 906). Finally, 
they have proved the presence of the semicyclic methylene group by de¬ 
tecting the formaldehyde formed in the ozonolysis of calciferol (J. 1936, 905). 

The physiologically inactive products obtained by over-irradiation 
(suprasterols 1 and II, and toxisterol) seem to have undergone ring closure 
again to a tetracyclic system. 


3. VITAMIN E 

The Anti-sterility Vitamin 

The first indication of the existence of this fat-soluble vitamin 
came from experiments on rats and mice (Mattill and Conklin, J. 
Biol. Chem. 44 (1920), 137; Evans and Bishop, J. Metabol. Res. 1 
(1922), 319, 335). It was shown that animals fed exclusively on 
milk or on a diet containing all classes of foodstufis and known 
vitamins, could no longer reproduce after some time. This loss 
concerns both the female animal, in which during vitamin E de¬ 
ficiency the foetus dies after an initial normal development and is 
re-absorbed by the mother’s organism, and also the male animal, 
which loses its procreative faculty. 

In the case of female animals fertility can be restored by administering 
vitamin E concentrates, whereas this is rarely possible with male animals. 
This may be due to the fact that deficiency does not became apparent in 
males until actual degeneration of the reproductive organs has set in. 
Whether partial vitamin E deficiency is widespread in human beings is not 
known, but successful experiments have been reported by various workers 
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in the treatment of habitual abortion in women by the use of vitamin E 
concentrates (Vogt-MoUer, Lancet 1981, TI, 182). 

The chief sources of vitamin E are green leaves (salads), the germs of 
plant seeds and the oils expressed from such seeds, e.g. wheat, maize, oats and 
cotton seed oils and rice germ; small quantities are also contained in milk and 
butter, while cod liver oil and yeast fat appear to be absolutely free of it. 

Vitamin E remains in the unsaponifiablo part of the oils mentioned above, 
but unlike many sterols it is not precipitated by digitonin. It is very stable 
to heat and may be distilled in a high vacuum at about 230^, but it is 
attacked by peroxidic oxygen; it is therefore destroyed when the oils turn 
rancid. Vitamin E activity seems to be shown by several closely related 
substances. Evans, Emerson and Emerson (J. Biol. Chem. 113 (1936), 319) 
isolated two active compounds —tocopherols — from wheat germ oil as 
crystalline allophanates, and this result has been confirmed by various groups 
of workers {Fernholz, Am. 69, 1154; Todd, Bergel, Waldmann and Work, 
Nature 140 (1937), 361; Todd, Bergel and Work, Biochem. J.81 (1937), 2247; 
John, Z. physiol. Chem. 260, 11; Drummond and Hoover, Biochem. J. 81, 
1862). The tocopherols themselves are oils of approximate formula 
C 528 - 80 H 48 - 62 O 2 , one oxygen atom being present as a hydroxyl group and 
the other probably in an ether linkage. They appear to be derivatives of 
duroquinol or y-cumoquinol, but their detailed structure is not yet known 
{Femholz, loc. cit.; John, loc. cit.; Bergel, Todd and Work, Chem. and 
Ind. 66 (1937), 1064; McArthur and Watson, Science 86 (1937), 35). Con¬ 
densation of trimethyl hydroquinone with phytyl bromide {Karrer, Fritzsche, 
Ringier and Salomon, Helv. 21, 820), or with phytol (Bergel, Jacob, Todd 
and Work, Nature 142 (1938), 36), gives a compound which is either a 
chroman or a coumaran and is probably identical with dl a-tocopherol. 

b) THE WATER-SOLUBLE VITAMINS: B GROUP AND C 

Vitamins of the B group 

The investigation of this group originated from the disease of 
beri-beri, the connection of which with a diet of polished rice, and 
the cure for which with rice-polishings or their extract, was shown 
chiefly by Japanese and Dutch physicians. The animal experiments 
of Eijkman (1897) on pigeons, chicken and other birds were particul¬ 
arly important for the scientific development of this group of 
vitamins, showing with absolute certainty the vitamin-nature of 
the curative substance. The further development of this group, 
however, has become exceedingly complicated. It appeared 
originally as though one water-soluble vitamin (anti-beri-beri or 
growth promoting vitamin) was necessary for the avoidance of beri¬ 
beri and other similar diseases, and for the preservation of normal 
growth in animals, but numerous animal experiments (chiefly in 
1925—1930) have since shown that the original vitamin fraction used 
contained at least two vitamins, now distinguished as vitamin Bi 
(antineuritic, anti-beri-beri), and vitamin Bg (growth-promoting). 

Further investigations and very careful experiments with animals 
make it probable that several other vitamins of the B group exist. 
It is important to note that all the vitamins mentioned here occur 
in yeast and are distinguished by their varying stability towards 
alkali and heat. 


1 . VITAMIN Bi. ANEURIN 
The Anti-neuritic, arUi-beri-beri Vitamin (Oryzanin) 

As mentioned above, the existence of vitamin Bj became known 
because of the disease beri-beri, which occurs chiefly in the rice- 
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consuming countries of Japan, China, India and Malaya. The 
Japanese physician Takaki (1885) was the first to discover the fact 
that a change in diet can cure this disease, which at that time was 
very prevalent. This showed clearly that beri-beri was an avitamin¬ 
osis, the chief cause of which was a deficiency in vitamin B^. 
Intensive scientific investigation began with the discovery of Eijkman 
(1897) that hens and pigeons develop a disease {Polyneuritis galli- 
narum) very similar in its symptoms to human beri-beri when they 
are fed on polished rice. With the aid of these animal experiments 
the occurrence and chief properties of the vitamin were investigated. 

Chief soutces: rice-polishings, yeast, cereals, particularly in the germ of 
the seed, and liver; minute quantities are found in many foodstuffs, 
especially vegetables. 

Solubility and stability to heat. Since aqueous extracts, and extracts 
with 70% alcohol, of yeast and rice-polishings show a curative effect, the 
vitamin is soluble in water and dilute alcohol; it is also soluble in acetic 
acid; it is insoluble in ether, benzene and petroleum ether. Its stability 
towards heat was determined by animal experiments, and showed that 
vitamin was not appreciably changed by several hours boiling in aqueous 
solution; at a higher temperature (120—130® in an autoclave), however, it 
deteriorated in a short time, and continued heating completely destroyed 
it. This is its chief distinction from vitamin Bg, which is more stable to 
heat. Autoclaved yeast no longer shows a curative effect for beri-beri. The 
vitamin itself is stable to high concentrations of hydrogen ion, but is rapidly 
destroyed by alkali. Its purification is aided by the fact that it is adsorbed 
from aqueous solution by various agents, e.g. silica gel, alumina, fullers’ 
earth and animal charcoal. 

Isolation of crystalline vitamin Funk attempted to prepare the pure 
vitamin in 1911, but it required almost 20 years’ work before attempts were 
successful. Jansen and Donath were the first to isolate from rice-polishings 
the vitamin in a crystalline state as its hydrochloride (Koninkl. Akad. 
Wetensch. Amsterdam 86 (1926), 923). Several years later (1931) Windaus 
and his collaborators prepared the vitamin hydrochloride from yeast, and 
established its sulphur content, previously overlooked (Z. physiol. Chem. 204, 
123). Since then the vitamin has often been obtained pure {van Feew, 
Rec. 49 (1930), 1178; Ohddke, Bull. Agri. Chem. Soc. Japan 8 (1932), 11; 
Proc. Imp. Acad. Tokyo 8 (1932), 179; KinnersUy, O'Brien and Peters, 
Biochem. J. 27 (1933), 232; Williams, Waterman and Keresztesy, Am. 66, 
1187). The yields first obtained were very small, but later workers have 
improved the technique; thus Ohdake got 1*6 g. of the hydrochloride from 
11,500 kg. of rice polishings, but Williams got 0*46 g. from 100 kg. 

Vitamin Bj^, anourin, is only known in the form of its salts. The free base, 
which would be quaternary, cannot be obtained pure; its formula would 
be Ci2Hi808 N4S. The chief salt that has been investigated is the chloride- 
hydrochloride, CigHi 70 N 4 SCl*HCl, m.p. 260® decomp.; picronolate, m.p. 229® 
decomp.; aurichloride, m.p. 198® decomp. The salts show absorption bands in 
alcohol between 360 and 310, and 280 and 260 m/u; it contains an alcoholic 
OH group {van Veen, Rec. 61 (1932), 265), a NHg-group {Williams, Am. 67, 
1093), and two tertiary N atoms; but COOH, CO, NH, OCHj and NCHg 
are not present. 

Considerable insight into the structure of the molecule was obtained 
by Williama and his collaborators (Am. 67, 229, 636, 1093) who found that 
vitamin B^ in a solution of acid sodium sulphite undergoes fission according 
to the equation: 

Ci,H„ON4SCl.HCl+Na*SOj -> CeH 20 NS(I)-f-CeH 203 N 8 S(II)+ 2 NaCl 
The fission product (I) was synthesised by Clarke and Ourin (Am. 67, 1876) 
and shown to be 4-methyl-6-)9,hydroxyethyl-thiazole (I). On oxidation it 
yielded 4-methyl-thiazole-6-carb6xylic acid (HI); this acid, although un- 
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recognised at the time, had previously been obtained by oxidation of the vitamin 
with nitric acid Tachesche and Orewe, Z. physiol. Chem. 838, 27). 

N -CCH, N -C.CHa 


y 


DH C.CH,-CH,OH 

\s/ 


oxid. 


\s/ 


coja. 


WiUiama (Am. 57, 229) had concluded that the second fission product (II) 
was a pyrimidine sulphonic acid because of the similarity of its absorption 
spectrum with that of 6 -aminopyrimidine sulphonic acid, and suggested 
that the vitamin was a pyrimidyl-thiazolium salt. It was later shown that 
this suggestion was erroneous {Todd and Bergel, Nature 188 (1936), 76; 
J. 1986, 1669) and that the second fission product was identical with 
synthetic 2-methyl-4-amino-pyrimidine-6-methylsulphonic acid {ll){William8, 
Am. 58, 1063; Gline^ WiUiama^ Ruckle and Waterman^ Am. 59, 630). 


Vj-CHj-SOaH 


W Vj-CHj.NHj 
CHjL ^-NH, 


The structure of the two fission products having been established it 
follows that vitamin Bj is a (pyrimidyl- 6 -methyl)-thiazolium salt {WiUiama^ 
loc. cit.). A similar conclusion was arrived at independently by Orewe 
(Z. physiol. Chem. 242, 92) who showed that the synthetic base (IV), 2-methyl- 
4-amino-6-aminomethyl pyrimidine, is identical with the base produced 
by mild oxidation of the vitamin with barium permanganate {Windaus, 
Tachesche and OrewCy ibid. 287, 98). 

CH ^ 

fj/ Vi— CHj—N ■ C-CHs 

II I II 11 -HCl 

CH,-a ^C-NHj CH C-CH,CH,OH 

\s/ 

Vitamin (aneurin) 

The constitution of this important vitamin has since been established 
by synthesis. This can be carried out by condensing 2-methyl-4-amino- 
6 - bromomethyl - pyrimidine with 4 - methyl - 6 - hydroxyethyl - thiazole 
{WiUiama and Cline, Am. 58, 1604; Cline, WiUiama And Finkelatein, ibid. 59, 
10&2), and also by condensing 2-methyl-4-amino-5-thioformamidomethyl- 
pjrrimidine with a-chloro-y-acetoxypropyl ketone {Todd and Bergel, J. 1987, 
364). Methods similar to both of these were also used by Anderaag and 
Weatphal (Ber. 70, 2036). Various isomers and analogues of the vitamin 
have been synthesised {Todd and Bergel, J. 1986, 1669; 1987, 1604; Anderaag 
and Weatphal, loc. cit.). 

Vitamin B^ is colourless, but when it is oxidised under mild conditions 
with potassium ferricyanide, it is converted into a yellow substance, thio- 
chrome, which has an intense blue fluorescence in solution. The formula 
of thiochrome is C 12 H 14 ON 4 S, m.p, 226®, hydrochloride, m.p. 221® {Barger, 
Bergel and Todd, Ber. 68 , 2267); it has been synthesised {Todd, Bergd, 
Fraenkel-Conrat and Jacob, J. 1936, 1601). The same substance has also 
been isolated from yeast {Kuhn, Wa^ner-Jauregg, van Klaveren and Vetter, 
Z. physiol. Chem. 284, 196). Its formation can be used in order to estimate 
vitamin Bj. Thiochrome has no vitamin activity (see Natural Colouring 
Matters, p. 477). 


2 . VITAMIN Bj 

If rats are fed on a diet containing vitamins A and D, aneurin 
(vitamin B^) and a yeast extract artificially freed from vitamin B 2 , 
the growth ceases (Kuhn, Gydrgy and Wagner-Jauregg, Ber. 66, 317). 
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Vitamin Bg is more stable to heat than Bj, for yeast, which contains 
both vitamins, still shows vitamin Bg activity after autoclaving 
at 120® at pH 5, while the Bj activity is destroyed; at pH 8, however, 
the Bg activity disappears. 

Vitamin Bg is present in the lyochromes, the water-soluble colour¬ 
ing matters with a yellowish green fluorescence which are contained 
in whey, white of egg, yeast, liver, heart and kidney (Kuhn and 
coUabs., Ber. 66, 317, 576, 1034, 1577, 1950; Ellinger and Koschara^ 
ibid. 315, 808, 1411). Of these, lactoflavin has been investigated 
in detail; it can be obtained crystalline from whey, 5,400 litres 
yielding 1 g. of the colouring matter (Kuhn, Oyorgy and Wagner- 
Jauregg, Ber. 66, 1034). Lactoflavin was tested with rats and found 
to be biologically active in the presence of other vitamins of the 
group (Oy^gy, Kuhn and Wagner-Jauregg, N., 21, 560; Kuhn, Rudy 
and Wagner-Jauregg, Ber. 66, 1950; Oyorgy, Kuhn and Wagner- 
Jauregg, Klin. Woch. 12, 1241). 

It should be noticed that a yellow oxidation enzyme isolated from 
yeast by Warburg and Christian (Biochem. Z. 264 (1932), 438) is a 
compound of vitamin Bg (lactoflavin), with one mol. of phosphoric 
acid and a protein component. Since the yellow enzyme is also 
found in the animal body, it is possible that the animal cells require 
vitamin Bg for the synthesis of the yellow enzyme, and that the 
vitamin is used in this way for oxidation-reduction processes. 

The fissions described below were first carried out on the coloured compon¬ 
ent of the yellow enzyme. 

LactoflaTin, Ci 7 H 2 oOeN 4 , m.p. 292® dccomp. (corr.), [a]D+ HO® (NaOH), 
after the addition of borax [aln + 360® (tetra-acetyl derivative m.p. 242® 
decomp.), forms brownish-orange needles. Chief absorption bands in aqueous 
solution: 446, 366, 266, 220 my (isolation from whey, Kuhn and collaborators, 
Ber. 66,1037, 1964); it is readily soluble in water and stable towards acids, 
but changed by alkalis. With Ag and T1 salts it forms difficultly soluble 
salts, which can be advantageously used for its purification. Mild reduction 
(Na hydrosulphite, Pt+Hg, or Zn dust in acid solution) gives the colourless 
leuco-lactoflavin, which is converted back into lactoflavin by atmospheric 
oxidation. The action of light upon lactoflavin in the presence of alkali 
causes the fission of a hydroxylated side-chain, C 4 H 8 O 4 , and gives the 
optically inactive lumiflavin, C 18 HJ 2 O 2 N 4 , m.p. 328®, which is soluble in 
chloroform. The action of hot 2 N. NaOH hydrolyses lumiflavin into 
one mol. of urea and a carboxy ic acid C 12 H 12 O 3 N 2 , m.p. 216®, which can 
be decarboxylated to a pale yellow compound, CnHuONgj I'^4® ( War¬ 
burg and Christian, Biochem. Z 263, 228; 266, 377; Kuhn and Wagner- 
Jauregg, Ber. 66 1677; Kuhn, Rudy and Wagner-Jauregg, ibid. 1963; Kuhn 
and Rudy, Ber. 67, 892; Kuhn and Bar, ibid. 898). The latter compound, 
a lactam, is converted by hot caustic soda into the base C 9 H 14 N 2 , by the 
addition of 2H O and the elimination of glyoxylic acid (Kuhn, Z. angew. 
Chem. 49, 6 ). These relationships are given below: 

Lactoflavin Leucolactoflavin 

C„H2oO.N4 

|Ught, 0„ alkaU 

Lumiflavin: Ci 8 Hi 202 N 4 -f C 4 H 8 O 4 
42 n NaOH (hot) 

Ci2Hi203N2-f-CO(NH2)2 

4 Sublimation 

C„H„0N2+C02 . 

4Na0H+2H,0 

Base C 9 H 14 N 2 4 Glyoxylic acid. 
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Soon after the discovery of these reactions, Kuhn and his collaborators 
drew attention to the similarities which lactoflavin shows with alloxazine 
derivatives (see formula) (Ber. 66, 1679; 67, 898). By an adaptation of 
a synthesis of alloxazine which had been long known, lumiflavin itself was 
synthesised, and its constitution established {Kuhn, Reinemund and Wey- 
gand, Ber. 67, 1460). This synthesis also established the nature of the ring- 
system present in vitamin Bg. 







H, 


CH3 






JNH 


O 

Alloxazine 


O 

Iso-alloxazine flavin 


O 

Lumiflavin, 

6:7; 9-trimethyl-flavin. 


The conversion of lactoflavin into lumiflavin is accompanied, as has been 
mentioned, by the elimination of a side-chain which contains four hydroxyl 
groups, and the formation of a NCH 3 group. On the basis of the synthesis of 
lumiflavin it was shown {Kuhn, Rudy and Wagner-Jauregg, Ber. 66 , 1950) 

1 ) that the side-chain could only be attached to N-atom 9; 

2) that the eliminated group is a tetrahydroxy-butyl residue {Kuhn, 
Rudy and Weygand, Ber. 66 , 1951; formation of an acetone compound, 
idem, Ber. 68 , 626). 

Neglecting the spatial arrangement of the three asymmetric C-atoms 
ermtained in the side-chain, vitamin B 3 (lactoflavin), and the reactions 
described, can be represented as follows: 


H,C| 


CH,(CHOH),CH,OH 


^NH 


0 

Lactoflavin 


H,C, 




CH, 

•k 


H,cL 


\n/ 

Lactam 

CnHi-N^O 


:0 

H 


NaOH 


2H,0 


CH 3 

OH' 


HXI 


ij 


6 

Lumiflavin 
NaOH j +2H,0 
CH3 


I -h C3H303 

NH 


—CO, 


HC| 

H 3 C 






^:0 

J.COOH 


-f C0(NH2)3 


Keto-carboxylic acid 

C,3Hi303N3 


H3( 




NH.CH 3 


HaCL i 

\NH, 


+ HOOC.CHO 


Base CQH 14 N 3 

(1:2-dimethyl-4-amino-6-methylamino-benzene). 
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The last point, the spatial configuration of the group C 4 Hg 04 , was settled 
by the synthesis of lactofiavin; the proposal of Kuhn^ Rvdy and Weygand 
(&r. 68, 625) was shown to be correct, the residue having the configuration 
of d-ribose. 

OH OH OH 

—CHj—C C—6—CHgOH 
H H H 

The synthesis of lactofiavin was carried out simultaneously by Karrer 
and his collaborators (Helv. 18, 622, 1436) and by Kuhn and his collaborators 
(Ber. 68,1766), by an extension oi the s 3 mthesis of the alloxazine ring system. 

The starting material for the synthesis was 4:6-dimethyl-N-(d)-ribityl- 
o-phenylene diamine, which was coupled with alloxan to give the iso- 
alloxazine (lactofiavin); the addition of boric acid {Kuhn and Weygand, 
Ber. 68, 1282) considerably increased the yield; 

OH OH OH OH OH OH 



The synthesis of lumiflavin, mentioned above, was by the same method, 
starting with N-methyl-4:6-dimethyl-o-phenylene diamine {Kuhn and 
co-workers, Ber. 67, 1460). 

As has been stated above (p. 572), vitamin Bj forms with phosphoric 
acid and a protein the yellow enzyme which was isolated by Warburg from 
yeast, and obtained crystalline by Theorell (Biochem. Z. 272 (1934), 166; 
276 (1934), 37, 344, 416; 278 (1936), 263). In this connection, particular 
interest attaches to lactoflavin-6'-phosphoric acid, 


OH OH OH 


R CHg—C- C—G—CHg.O•P 0 ( 0 H )2 
H H H 

R=dimethyl-iso-alloxazine 

This has been synthesised {Kuhn, Rudy and Weygand, Ber. 69, 1643), and 
has been shown to be identical with cytoflav; this substance was first ob¬ 
tained in an impure state from muscular tissue by Banga and BzenUQybrgyi 
(Biochem. Z. 246 (1932), 212), who recognised its significance in cell res¬ 
piration. 

The coupling of lactofiavin-6'-phosphoric acid, the constitution of which 
is completely known, with the protein obtained by the fission of the natural 
yellow ferment, gives a non-dialysable chromoprotoid which behaves exactly 
like the natural enzyme {Kuhn and Rudy, Ber. 69, 1974). This synthesis 
is the first artificial preparation of an enzyme to be achieved, and it provides 
some support for the idea first put forward by Willstatter that many enzymes 
consist of an active group and a colloidal carrier of high molecular weight. 


8 . OTHER VITAMINS OF THE B GROUP 
Although complete characterisation of the vitamins of the B 
group has not yet been accomplished, it is certain that, in addition 
to and B 2 , rats require for maximal growth at least two more 
vitamins of this group {Lepkovsky, Jukea and Krause, J. Biol. 
Chem. 116 (1936), 667; Edgar, end. Macrae, Biochem. J. 31 (1937), 
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886 ). Apart from there seems to be a B 2 -complex which consists 
of at least three factors {Harris, Biochem. J. 31 (1937), 1414). 
These are: (1) lactoflavin, (2) vitamin B^, which prevents dermatitis 
in rats, (3) the F—P (pellagra preventing) factor. There is the 
possibility that nicotinic acid, or its amide, enters into the B.^- 
complex, and may either be the P—P factor itself or a precursor 
f 'om which it can be formed in the animal body (Funk and Funk, 
J. Biol. Chem. 119 (1937), Proc. XXXV; Frost and Elvehjem, ibid. 
121, 255; Elvehjem, Madden, Strong and Woolley, Am. 69, 1767; 
Chick, Macrae and Martin, Biochem. J. 32 (1938), 844). 

4 . VITAMIN C 

ArUi-scorbvtic Vitamin, Ascorbic Acid 

The water-soluble anti-scorbutic vitamin C is widely distributed 
in plant products, but only few vegetable foodstuffs contain it in 
any great concentration. A deficiency of vitamin C in the diet causes 
the appearance of scurvy, a disease common in former times, particu¬ 
larly amongst sailors; its connection with diet was soon realised, 
and its cure made possible. Scurvy, the clearest example of avitami¬ 
nosis, is of Httle importance today among adults, thanks to the 
knowledge of this connection with diet; but infantile scurvy (scurvy 
rickets, Barlow*s disease) is still somewhat prevalent. The typical 
symptoms of scurvy are a characteristic state of the teeth, in which 
they become loose and the gums painful and spongy, frequent 
haemorrages in the tissues, particularly in the lower limbs, and 
spontaneous fractures of the bones, especially of the ribs; at the 
same time changes take place in the important glands, followed by 
a great tendency to infectious diseases. The cause in the case of 
adult scurvy is the lack of fresh food; in the case of infantile scurvy 
it is the exclusive use of pasteurised milk; in both cases the supply 
of vitamin C to the organism is insufficient. 

The occurrence of vitamin C in lemon and orange juice is 
established by their curative effects, a matter of general knowledge 
even in 1804. The scientific investigation became possible when 
animals suitable for experiment were found. Guinea-pigs (also apes) 
are particularly sensitive to a deficiency in vitamin C, and guinea 
pig scurvy, with symptoms very closely similar to those of human 
scurvy, can be readily produced in these animals by a diet poor in 
vitamin C. Other animals, however, (e.g. rats and mice) are little 
affected by a deficiency in vitamin C, and hence it is supposed that 
their organism is able to convert a constituent of their food into 
small quantities of the vitamin. 

The occurrence and stability of vitamin C under various circum¬ 
stances has been explored in detail by means of animal experiments. 
It is found almost exclusively in fresh plant material, e.g. in green 
vegetables, especially in cabbages and spinach, in fruit or fruit- 
juice, such as lemons, oranges and tomatoes, in potatoes and in 
fresh milk. Researches carried out in 1932 and 1933 show that the 
following are particularly rich sources: the paprika fruits of Capsicum 
annuum (Szent-Oyorgyi, Nature 131, 225), the adrenal cortex (idem, 
C. 1932 II 392; v. Euler and Klussrmnn, C. 1933 I 2836) and the 
thymus gland (idem, C. 1933 I 3329). It should be noticed that 
hens’ eggs (the yolk and the white) and yeast, which is otherwise 
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BO rich in vitamins, contain no vitamin C, while the muscular tissue 
of animals, particularly in the fresh state, contains a small amount. 

In all natural sources of vitamin C the vitamin content is dim¬ 
inished by boiling for a short time, especially in the presence of air; 
long boiling, or heating in an autoclave, completely destroys it. The 
vitamin is more stable in acid than in alkaline solution. When 
kept for some time at ordinary temperatures it gradually disappears, 
hence preserved pasteurised and dried foodstuffs which have been 
kept usually contain no vitamin. 

The most typical reaction of vitamin C is its reducing power 
towards metallic salt solutions (Ag and Cu salts; Zilva, Biochem. 
J. 18 (1924), 182, 632), KMn 04 -solution, iodine solution, and particu¬ 
larly towards organic dyestuffs, such as methylene blue, and 
especially 2:6-dichlorophenol-indophenol (Tillmans, Hirsch and 
Siebert, C. 1932 1 1924; Tillmans and Hirsch, Biochem. Z. 260 
(1933), 312; N. 21 (1933), 314). This reducing action can be applied 
to a quantitative volumetric estimation of vitamin C (Schlemmer, 
Bleyer and Cahnmann, Biochem. Z. 264, 187); it also indicates, 
together with numerous tissue experiments (v, Euler, Myrbdck and 
Larsson, Z. physiol. Chem. 217, 1; v. Euler, N. 21 (1933), 236), that 
vitamin C takes part in the oxidation-reduction processes of the 
organism. 

Isolation of vitamin C. — Many attempts were made to isolate the vitamin 
from lemon or orange juice, the process being followed by guinea pig ex¬ 
periments. These led, however, only to preparations rich in the vitamin, 
and not to a crystalline compound. With increasing concentration the 
reducing action and the enol reaction (with FeCls) became stronger, showing 
that both these properties belong to the vitamin. In the meantime, JSzent- 
Oydrgyi found a better source for its preparation, as a result of an observation 
of V, Euler i this was the adrenal cortex. From this a substance was isolated 
(SzenUOyorgyi, Biochem. J. 22 (1928), 1387) with the formula CeHgOe, 
which was later recognised as the anti-scorbutic vitamin (ascorbic acid) 
(idem, C. 1932 II 392; v. Euler and Klussmann, C. 1933 I 2836). Later a 
still better source was found in the paprika: 10 litres of the juice expressed 
from fresh ripe fruits yield 6*6 g. of ascorbic acid (Svirbely and Szent-Oybrgyi, 
Biochem. J. 27 (1933), 279). 

Vitamin C (aacorhic acid), CgHgOe, (from dioxan m.p. 192®), 

[a]D + 48® (methanol), absorption maximum, 245 mfi. Na salt, [a]D 
+ 102—106®, absorption maximum, 265 mfji; diphenyl-osazone m.p. 
210®. Ascorbic acid is readily soluble in water and alcohol and insoluble in 
light petroleum; it shows the reducing action described above; it gives a strong 
enol reaction with FeCIg, and a deep-yellow colour with tetranitromethane; 
it is rapidly destroyed in alkaline solution by atmospheric oxidation and 
oxidising agents. Derivatives; dimethyl ether, m.p. 63®, [a]D + 38®, from 
vitamin C and diazomothane (Micheel and Kraft, Z. physiol. Chem. 216, 
236); di-p-nitrobenzoyl dimethyl ester, m.p. 172®, [a]D—78*8®. The motio- 
acetone compound, m.p. 222® (v, Vargha, Nature 180 (1932), 847), has little 
activity in animal experiments; elimination of the acetone re-forms the 
active ascorbic acid. Triphenyl-methyl derivative, m.p. 130® (dec.) (idem. 
Nature 181 (1933), 363). 

The <u)n8titution of ascorbic acid. The experiments summarised below 
upon which the constitution is based were carried out by Michel and Kraft 
(Z. physiol. Chem. 215, 216; 216, 233), and by Hirst and his co-workers 
(J. 19^, 1270). The first constitutional formula proposed by Micheel and 
Kraft was revised shortly afterwards by Hirst (loo. cit.; Nature 181 (1933), 
402; Chem. and Ind. 52 (1933), 221), and accepted by Micheel (Z. physiol. 
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Ohezn. 218, 280) (see also the work of Karrer, Salomon^ Schopp and Morf, 
Helv. 16, 181; Biochem. Z. 268 (1933), 4). 

Ascorbic acid (1), an enolic lactone, is converted by diazomethane into 
the dimethyl ether (II), which has no reducing action. Two oxygen atoms 
must therefore be present as two enol groups; two further oxygen atoms 
can be shown to be alcoholic hydroxyls by esterification with p-nitro-benzoic 
acid (III). One of the alcoholic groups is primary, since it forms a 
triphenylmethyl ether; the two alcoholic hydroxyls must be close to one 
another, since an acetone compound is readily formed. The remaining two 
oxygen atoms are in a lactone group, which is opened by the action of dilute 
caustic soda on the vitamin or its dimethyl ether. The products obtained 
by the ozonolysis of di-p-nitrobenzoyl-dimethyl-ascorbic acid showed how 
these constituents are combined: the first product contains the whole of 
the carbon skeleton as a derivative of oxalyl-Z-threonic acid, m.p. 162® (IV), 
which is hydrolysed by alkali to Z-threonic acid (phenylhydrazide m.p. 168®), 
oxalic acid and p-nitrobcnzoic acid: 


H3C0C==C.0CH3 
HO ' 
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HO I 


=C-OH 


Dimethylvitamin C 
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COOH 

COOH 
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D CHOH 
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COOH 

\o/ 
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^-Threonic acid (i-Threose see vol. I) 


The formula of ascorbic acid (I) shows clearly its great similarity to 
the 1:4-oxide form of a hexose (V). Because of this relationship, it was 
soon found possible to synthesise natural ascorbic acid from a sugar derivative 
of suitable spatial configuration {Hawmth, Chem. and Ind. 52 (1933), 482; 
Haworth and Hirsts ibid. 646; Eeichsteinf Orussner and Opjmiauer, Nature 132 
(1933), 280; AuU^ Baird, Carrington, Haworth, Herbert, Hirst, Percival, Smith 
and Stacey, J. 1983,1419; Reichstein, Orussner and Oppenauer, Helv. 17,610). 

When Z-xylosone (I) is treated with KCN, it gives (II), which is very 
readily converted by 8% HCl into pseudo-ascorbic acid (III), and then 
into natural ^ascorbic acid (IV): 


0:C- 

OH 1 I 

HOHjCCHCOH 
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0:C-CHOH 
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CHCOH CN 
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HOHoCCH 


1 Bz = NO.CeHi-CO. 
Blobter-AnschOtz 11. 


37 



578 


HORMONES 


OH I 

HOHaCCHCOH 
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HO.C=d 

H I jy 

HO\| 

HOHaCC—O. / 
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Stereoisomers of ascorbic acid have been obtained in a similar way; 
d-xyloBone gives d-ascorbio acid, m.p. 187—1890, [a]D — 48® (methanol) 
(iZeicAstetn, Oriissner and Oppenauer, Helv. 16, 661). 

For the synthesis of isomers of ascorbic acid from 2-keto-gluconic acid, 
see Jkfai^rer and Schiedt, Ber. 66, 1054. A series of isomers and homologues 
of ascorbic acid have been prepared by Baird, Haworth, Herbert, Hirst, 
Smith and Stacey (J. 1984, 62—67), starting from d-glucosone, arabinosone 
and galactosone. 


Vra. HORMONES 

The term hormone means a chemical substance which is charac¬ 
terised by a specific physiological activity, is produced in the normal 
organism by certain organs and passed directly from these into the 
blood stream. As the tissues which produce the hormones secrete 
them not to the exterior, but to the interior of the organism, they 
are known as glands with internal secretions, or “endocrine glands*', 
the corresponding hormone being known as an “increte** (Roux). 
The names “hormone glands” and hormones, i.e. stimulating sub¬ 
stances (oQjudv = to incite), were introduced into the literature by 
Starling. The hormones usually exert their particular physiological 
function far away from their place of origin; hence hormones have 
also been called “chemical messengers”, by means of which a 
“chemical correlation” of the organs is attained and complete col¬ 
laboration guaranteed. 

The investigation of hormones began in biology and medicine: 
the question of the functions of a particular organ was attacked 
by the study of the “deficiency phenomena” which appeared in the 
living animal after exstirpation of that organ, and which could be 
made to vanish by administering the corresponding glandular extract. 
These experiments showed that chemical compounds of importance 
for vital processes are produced in these organs, and that they serve 
as regulators of the normal processes of development, growth and 
metabolism. At this stage, biology set chemistry the problem of 
obtaining these substances in the pure state and determining their 
constitutions. 

Hormones are normally present in nature only in exceedingly 
small concentrations, since their physiological action is often exerted 
by the minutest quantities. For the isolation of a hormone, therefore, 
it is essential to have a convenient source of the natural starting 
material, and to be able to establish the presence and concentration 
of the material sought by a quantitative test. It is only when these 
conditions are fulfified that the investigation of the pure hormone 
can be attacked. 

The table (p. 579) summarises the more important hormones 
known at present, together with their sites of formation. 
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A. THE HORMONE OF THE SUPRARENAL GLAND AND OF 
CHROMAFFIN TISSUES: ADRENALIN (suprarenin, epinephrin) 

Physiology.—The adrenalin produced by the suprarenal gland 
is (a) a stimulant for the s^pathetic system, causing a strengthening 
of the heart-beat and an increase in the frequency; it contracts the 
blood-vessels, and hence raises the blood-pressure; stomach and 
intestinal peristalsis are checked by adrenalin, while the contraction 
of the pregnant uterus is aided; by stimulating the scalp muscles 
it causes the hair to stand on end; after administration of adrenalin 
there is enlargement of the pupils, the eyelids are held open, and 
the eyes protrude; adrenalin increases the secretions from the lachry¬ 
matory, salivary and perspiration glands, (b) Adrenalin influences 
the formation of the blood: it causes an increase in the content of 
red and white blood corpuscles, (c) Adrenalin influences the sugar 
metabolism; it raises the blood sugar (hyperglycaemia) with conse¬ 
quent excretion of sugar in the urine (glucosuria). 


The more important hormones 


Site of formation 
(gland) 

Horm 

Prepared pure and 
characterised 

one 

Investigated only in 
crude extracts 

Adrenal gland 
and 

chromaffin-tissue 

Adrenalin CgHjaOsN 


Adrenal cortex 

Corticosterone^ CaiR 0^4 


Thyroid 

Thyroxin C 15 H 11 O 4 NI 4 


Pancreas 

Insultn [C 45 H 0 aO 24 hi jiS]x 


Ovary 

a) Oestrone CiftHjaOa, etc. 

b) Progesterone C 21 H 30 O 2 


Testicle 

Androsterone C19H3QO2 


Anterior pituitary 


a) growth hormone 

b) gonadotropic hor¬ 
mone 

c) thyrcotropic hor¬ 
mone 

d) adrenotropic hor¬ 
mone ( ?) 

Posterior pituitary 


a) Oxytocin 

b) Vasopressin 

Median pituitary 


Intermedin 

Parathyroid 


Parathormone 

Thymus 


Thymus-hormone 

Pineal body 


Epiphyse -hormone 

Intestinal mucus 


Secretin 


Also: a) Heart and circulatory hormone: callicrein. 
b) Plant hormones: auxins. 
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Occurrence and distribution. — Like all the hormones, adrenalin 
is not peculiar to any one species; it can be isolated from the supra- 
renals of almost all classes of vertebrates, and in all probability 
also occurs in annelids and molluscs. The adrenalin content of the 
suprarenals varies, but it is quite certain that under certain stimuli 
the hormone is produced in increased quantity and passed out into 
the blood stream. There is a reciprocal relationship between the 
adrenalin delivered and the body function: the increased supply of 
hormone influences the functions of the body so that they can 
satisfy the increased demands placed upon them. 

Test.— Tissue containing a^enalin is distinguished by a green 
colouration with ferric chloride and by a dark brown colour reaction 
with potassium bichromate (hence the name “chromaffin tissue*') 
{Vidpian, 1866; Henley 1865). It was later established that the 
physiological action of suprarenal extracts and the intensity of these 
colour reactions run parallel, so this furnished a simple colorimetric 
method for estimating adrenalin, and made the isolation of the 
pure substance much easier. 

Isolation. — The isolation of adrenalin in a chemically pure, 
crystalline form was first achieved independently by Aldrich and 
by Takamine in 1901 (Am. J. Physiol. 6 , 457; 7, 359; J. Physiol. 27, 
XXIX). Today the preparation is simple: 118 kg. of suprarenals 
yield approx. 125 g. of pure adrenalin. The finely-divided tissue is 
extracted with dilute acetic acid, the concentrated filtrate is treated 
with alcohol, decanted and evaporated once more; ammonia is then 
added in the absence of air, when the base crystallises out; it is 
purified by recrystallisation (Pauly^ Ber. 37, 1388). 

Properties and constitution.— Adrenalin, m.p. 216^, has both 
basic and acid properties; it is soluble in water to the extent of 
1 : 10 , 000 , and almost insoluble in organic solvents; with acids it 
forms water-soluble salts. It is a strong reducing agent and is readily 
oxidised. The molecular formula is C 9 H 13 O 3 N; the nitrogen atom 
is eliminated as methylamine on boiling with HI, showing the pre¬ 
sence of the group CH 3 NH-; one of the three oxygen atoms is in 
a secondary alcohol group, and the remaining two are acidic hydroxyl 
groups which are easily methylated. Fusion with alkali yields 
pyrocatechol and pyrocatechol-p-carboxylic acid. These results 
show that adrenalin has the constitutional formula 



5 —NH—CH 3 


(v.FuHh, Z. physiol.Chem. 24,142; 26,15; 29,105; Mo. 24, 261; Abel, J. 
Pharmacol. 3,219; Friedmann, Beitr. chem.-physiol. Path. 1,242; 8 ,95). 

This structure was confirmed in 1904 by the complete synthesis 
of adrenalin by the following method (Stolz, Ber. 37, 4149; Dakin, 
J. Physiol. 32, XXXIV): 

HO—»• Cl • OH, • CO • 0—/ ^ 

TTO/ 


HO^ 
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iO CHj Cl HO—/ ^CO CHj .NH CHs 

' Wy Adrenalone 
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Adrenalone, which is already similar to adrenalm in its pharmaco¬ 
logical action, is converted into adrenalin by reduction with alu¬ 
minium amalgam. The synthetic product is racemic, while the 
natural product is laevorotatory; the racemate was resolved by 
means of the tartrates, which differ in their solubilities in methyl 
alcohol. The physiological activity of the Z-form is 12—15 times 
as great as that of the eZ-form (Flacher, Z. physiol. Chem. 68, 189; 
Abd^rhalden and collaborators, ibid. 69, 22, 129; 61, 119; 62, 404; 
Pfliiger’s Archiv 196, 608; 210, 462; 212, 523). 

B. THE HORMONE OP THE ADRENAL CORTEX: CORTIN 

(Interrenin) 

Physiology. — The adrenal cortex is an organ necessary to life, 
its complete removal promptly leading to death, after the following 
symptoms: muscular weakness, muscular paralysis, decrease in the 
frequency of respiration and thickening of the blood. Daily admini¬ 
stration of cortical extract enables animals (cats, dogs) which have 
no cortex to be kept alive without showing any of these symptoms; 
if the administration of the extracts (subcutaneously, intraperi- 
toneally or intravenously) is interrupted, the symptons reappear 
and the death of the animal follows (Hartmann, 1928; Swingle and 
Pfiffner, 1932 — Medicine, vol. XI, no. 4). The function of cortin 
appears to be the regulation and maintenance of a normal quantity 
of fluid in the vascular system. In the absence of the hormone, the 
normal blood volume decreases, probably because too much liquid 
passes through the walls. As a consequence of this decrease in volume 
lack of cortin produces a fall in blood pressure, thickening of the 
blood, an increase in the number of red blood corpuscles, an increase 
in the frequency of the heart-beats, decreased kidney action and 
an increased urea content in the blood. Administration of cortin 
immediately causes the blood to become thinner, and the secondary 
deflciency phenomena vanish (Swingle, Science 77, 58). 

Test. — The adrenalectomised dog can be used for the quantitative 
estimation of cortin. The “dog-unit” is defined as the smallest daily 
dose of cortin per kg. of dog necessary to keep the animal in a 
physiologically normal condition for a period of 7—10 days. A 
quantitative criterion is given by the nitrogen content of the blood, 
which by its increase above the normal is the first sign of a deflciency 
of cortin. 

Preparation of active extracts, isolation of cortin and its pro¬ 
perties. — For the preparation of an active extract, the adrenal 
cortex is extracted with methyl alcohol, and the fraction of the 
extract soluble in benzene and acetone is mixed with 70% alcohol 
and light petroleum; the alcoholic phase is filtered through permutite 
to remove the adrenalin (p. 579), and transferred to aqueous solution. 
In this way, 40 g. of cortex yield 40—80 dog-units in aqueous solution 
(Swingle and Pfiffner, Medicine 11, 371). 

From the active extract a series of crystalline compounds have 
been isolated, the majority of which were shown to be inactive, 
although it was possible to establish the structure of some of them 
(Kendall and co-workers, J. Biol. Chem. 114 (1936), 613; Winterstein 
and Pfiffner, ibid. Ill (1935), 599; 114 (1936), Ixxx; Reichstein exid 
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co-workers, Helv. 19, 26, 223, 401, 979, 1107; 20, 217). One of 
Reichstein's compounds, however, which was later obtained by 
Kendall, was found to be highly active and the requisite daily dose 
for an adrenalectomised rat was only 0*5—1*0 mg. This compound 
has been called corticosterone; its composition is given ^y.^2i®3oQ4 *’ 
m.p. 180—182®, [a]D = + 223® (in alcohol) (Reichatein, Nature 139 
(1937), 26; Proc. K. Acad. Wetensch. Amsterdam 39 (1936), 1218). 
It is related in structure to the sex hormones which are discussed 
later, and the clue to its constitution was given by the observation 
that 21-hydroxy-progesterone, m.p. 136—138®, which can be prepared 
from stigmasterol, shows definite cortical activity. This is the first 
substance of such activity to be prepared from inactive material 
(Steiger and Reichatem^ Nature 139 (1937), 925). Further work has 
shown that corticosterone differs from this compound in containing 
an extra hydroxyl group, which is almost certainly in the 11-position 
(Reichatein, Helv. 20, 953; Mason, Hoehn, McKenzie and Kendall, 
J. Biol. Chem. 120 (1937), 719). 



COCHgOH 



C. THE HORMONE OF THE THYROID GLAND: THYROXIN 

Physiology. — The thyroid gland is of profound importance for 
normal physical development, for growth and metabolism, and for 
the formation of the mental disposition of an organism. Removal 
of the thyroid leads to athyreosis; this can be recognized by symptoms 
which are described as those of myxoedema and cretinism: puify 
appearance of the skin, dryness of the epidermis, loss of the nair, 
nails and teeth, physical and mental slowness increasing up to 
dementia; in the young organism the growth is markedly retarded 
and sexual development ceases. Accompanying these outer symptoms 
are a decrease in the metabolism, a slowing of the action of the 
heart and loss of regenerative ability. — In men and animals the 
symptoms of athweosis can be eliminated by implanting thyroid 
tissue under the win, in the spleen or in the peritoneum. Excessive 
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action of the thyroid gland leads to the 83 rmptoms of exophthalmic 
goitre (Basedow’s disease), a rise in the basal metabolism, wasting, 
mental activity, a strong reflex, distended pupils and protruding 
eyes. — In 1895, Baumann discovered that iodine is a normid 
constituent of the thyroid gland in a quantity far exceeding that 
in any other organ (Z. physiol. Chem. 21, 319); he was the first to 
prove that this iodine is present in an organic compound and is 
connected with the physiological activity of the thyroid gland. 

Test. — Because of its iodine content the hormone of the thyroid 
gland can be detected by a simple chemical reaction: quantitative 
determination of the iodine furnishes a simple method for estimating 
the thyroid hormone. For biological tests, see below. 

Isolation.— Oswald (1896—1910) extracted th 5 n'oid glands with 
physiological saline and precipitated a protein fraction from the 
extract by adding saturated ammonium sulphate; this protein 
fraction contained thyreoglobulin, the hormone of the thyroid gland 
(Z. physiol. Chem. 27, 14). In 1919 Kendall hydrolysed the thyreo¬ 
globulin with alkali and obtained a crystalline substance, which had 
all the activity of the thyroid gland and was named th 3 nroxin (J. Biol. 
Chem. 20, 501). The preparation of thyroxin was considerably 
improved by Harington (1926), to whom we owe the determination 
of the constitution and the synthesis of the hormone (Harington ^ 
Biochem. J. 20 (1926), 300; Harington and Barger^ ibid. 21 (1927), 169). 

For the preparation of thyroxin from the thyroid gland, careful 
alkaline hydrolysis of the tissue is used, firstly with 10% barjrta 
and then with 2% caustic soda. Impurities can be salted out from 
the alkaline solution with sodium sulphate, while the hormone 
remains in solution; it is precipitated by acidifying with dilute HCl. 
The product can be purified to a considerable extent by repeating 
the process with slight variations. 1 kg. of dried thyroid glands 
yield about 1 g. of pure crystalline thyroxin. 

Determination of the constitution and synthesis. — Thyroxin 
has the composition C 15 H 11 O 4 NI 4 ; careful catalytic hydrogenation 
converts it into desiodo-thyroxin (thyronin), C 15 H 15 O 4 N, which 
behaves both like an a-amino-acid and a phenol. Fusion of thyronin 
with alkali yields p-hydroxy-benzoic acid, hydroquinone, oxalic acid 
and ammonia. On the basis of these results, thyroxin was given 
the constitution (I), which was proved by the partial synthesis of 
several degradation products and finally by the complete synthesis 
of thyroxin itself. The method of synthesis is shown in the formulae 
below (pp. 584, 585). 

The synthetic product is identical in all respects with the pre¬ 
paration from thjroid gland, and possesses all the typical pharmaco¬ 
logical properties of thyroid gland (Harington and Barger, loo. cit.; 
Lyon, ibid. 21 (1927), 181; Oaddum, J. Physiol. 64, 246). 

Properties. — Thyroxin is insoluble m water, and only slightly 
soluble in organic solvents. With alkali it forms salts solume in 
water, while it is only sUghtly soluble in dilute acids. Its iodine 
content is 65*3%. Thyroxin decomposes at 231—233^ with evolution 
of iodine, and has a typical absorption spectrum in the ultraviolet 
with a maximum at 325 m/i (Abderhalden and Eoaaner, Z. physiol. 
Chem. 169, 223). Thyroxin isolated from the gland is optically 
inactive, like the synthetic product. Z-Thyroxin can be isolated 
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from the thyroid gland by using proteolytic enzymes. The synthetic 
product has been resolved into its optical antimers; ^-thyroxin has 
a physiological action about three times as great as that of d-thyroxin 
(HaringUm, Biochem. J. 23 (1928), 1429; Harmgton and Salter^ 
ibid. 24 (1930), 466; QoMum, J. Physiol. 68, 383). 

Pharmacological properties of Thyroxin. — Th 3 nroxin causes an 
increase in the basal metabolism and in the metabolism of protein 
and fats; administration of thyroxin causes an increase in the meta¬ 
bolism of 15—20%, with considerable wasting and loss of weight 
of the test animal. Thyroxin increases the excitability of the vagus 
and hence causes a mobilisation of adrenalin by stimulation of the 
sympathetic and parasympathetic nervous systems; this gives rise 
to the adrenalin effect (p. 579) on the sugar metabolism and the 
cardiac and vascular systems. Thyroxin accelerates the metamor¬ 
phosis of tadpoles (Gvdernatsch), which shows the significance of 
this hormone in the differentiation of tissues and organs; tadpoles 
from which the th37roid gland has been removed never undergo 
metamorphosis. Thyroxin raises the resistance of white mice' to 
poisoning by acetonitrile, and this specific action can be used for 
the biological estimation of th 3 n:oxm (Reid’-Hunt reaction); the 
acceleration of metamorphosis has also been used (Zihy Pfiiigers 
Arch. 214, 449; Cameron and Carmichael, J. Biol. Chem. 46, 69; 
Arch. Entw.-mechan. 36, 457; 41, 47; Amer. J. Physiol. 63, 257). 

The physiological action of thyroxin is not an iodine effect, but 
a specific property of the molecule. Substances with the thyroxin 
structure, but with different halogen'in place of iodine, have a 
physiological action qualitatively similar to that of thyroxin. 
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I. Thyroxin 


Thyronin, however, has no physiological action, and the isomer of 
thyroxin of the formula 



1 CH .CH(NH2) .C00H 

2 


is likewise inactive (Harington and McCartney, J. 1929, 892). For 
dibromo-, dichloro- and diiodo-thyronin, and tetrabromo- and 
tetrachloro-thyronin, see Schuegraf, Helv. 12, 405; Abderhalden and 
Wertheimer, Z. exper. Med. 63, 557; 68, 563. 


D. THE HORMONE OF THE PANCREAS: INSULIN 

Physiology. — Removal of the pancreas causes profound disturb¬ 
ance in carbohydrate metabolism (v. Mering and Minkowski, 1889), 
and even after a few hours glucose is excreted in the urine. This 
glycosuria reaches its maximum after 3 days, when up to 20% of 
glucose is excreted, and does not disappear, even if the diet contains 
no sugar: it corresponds to the main symptom of diabetes mellitus, 
a disease which arises from the fact that the liver loses its capacity 
for retaining glucose as glycogen. Among the secondary s 3 nnptoms 
there are considerable increases and disturbances in the metabolism 
of protein and fats, which lead to wasting and to the excretion of 
ketones in the urine (“ketosis”). This pancreas diabetes can be 
cured by implanting pancreas or by administering a pancreas extract 
prepared in a special way (Banting and Best, 1920); it is caused by 
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a deficiency in the hormone insulin which is produced in a certain 
part of the pancreas (the “islets of Langerhans”). 

Test. —The identification and biological standardisation of insulin 
is based upon its action in reducing the sugar content of the blood; 
in normal animals the reduction is proportional to the dose ad¬ 
ministered. The original “insulin unit” was that quantity of sub¬ 
stance which, when injected into a rabbit weighing 2 kg., kept 
without food for 24 hours, reduced the blood sugar to one hal^ 
(i.e. from 0*09% to 0-045%) in 4 hours. Insulin is estimated today 
by comparison with the activity of an international standard. 

Isolation of insulin. — According to CoUip, insulin can be extracted 
from pancreas with acidified alcohol. The crude extract is purified 
by removing the fats and lipoids and the protein substances 
which accompany the hormone; fats and lipoids are separated by 
extraction of the alcohol-soluble fraction with ether, which does not 
dissolve insulin; the separation of inactive proteins is carried out 
by salting out in aqueous solution, precipitation at the isoelectric 
point of insulin (pn 5—6-4), by the addition of picric acid or potassium 
lactate, or by the adsorption of the insulin upon benzoic acid or 
charcoal followed by elution (Erg. Physiologic 23, 213; Crowdle and 
Sherwin, J. Biol. Chem. 66, XL; 67, 709; Piper^ Allen and Murlin, 
ibid. 68, 321; 60, 31; 8coUy ibid. 66, 601; 81, 167; Am. J. Physiol. 64, 
348; 100, 285; J. Pharmacol. 26, 423; 31, 65; Biochem. J. 17, 376; 
Dudley and Starling, ibid. 18 (1924), 147; Langecker and Wiechowaki, 
Klin. Wochschr. 1926, 1339). 

In 1925, Abel succeeded in preparing insulin in a crystalline fonn 
(J. Pharmacol. 31, 65; 32, 367; 36, 115). Brucine was added to a 
purified acetic acid solution of purified insulin, and addition of 
pyridine brought down an inactive precipitate, which could be 
centrifuged off, and a further one was produced by the addition of 
ammonia; crystalline insulin separated from an ammoniacal solution 
at ph 5-5 on standing. The starting materials for its preparation 
were the pancreas of cattle, horses, pigs, and sheep. Crystallisation 
is much easier in the presence of small amounts of divalent metallic 
ions, such as Zn, Ni, Co and Cd, and their presence is very pro¬ 
bably essential {Scott, Biochem. J. 28 (1934), 1592); the metal is 
chemically combined with the insulin in the crystal. 

Properties of crystalline insulin. — Insulin is laevorotatory; its 
density is 1-315, and 1 mg, contains 25 biological units. Its chemical 
investigation has been carried out chiefly by Abel, Jensen and 
Frevdenberg : crystalline insulin contains approximately 53 % C, 
6-8% H, 21-7% 0,15-4% N and 3-14% S; the ultracentrifuge shows 
that its molecular weight is 35,100 (Svedberg and Sjogren, Am. 63, 
2657), a result which agrees with the X-ray crystallographic data 
{Crowfoot, Proc. Roy. Soc. 164 A (1938), 580). It is a protein and 
is decomposed by digestion with trypsin or by acid hydrolysis into 
amino-acids, of which the following have been isolated: cystine, 
tyrosine, arginine, valine, lysine, leucine, histidine and glutamic 
acid. Tryptophan has not been foimd. The isoelectric point of insulin 
is at Ph 5—5-4; it is stable to heat, and hence can be sterilised in 
aqueous solution. It is considerably more sensitive to alkalis than 
to acids (Jensen and WinUrateiner, J. Biol. Chem. 97, 93; 98, 281; 
Jensen and Evans, Z. physiol. Chem. 209, 134; Science 1932, 14). 
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The physiological activity of insulin is evidently bound up with 
the protein structure, and no success has attended the efforts which 
have be made to separate a protein-free “prosthetic group’’ from 
the molecule. According to FrevdenJberg^ the problem of determining 
the structure is therefore “to explore for the active group inside 
the large protein molecule”. This has been undertaken with the 
aid of chemical, physical and enzymatic methods, and has led to 
the conclusion that the active group represents about 3% of the 
whole molecule and is united to the rest by links of the same kind 
as those which hold the whole protein molecule together. 

Methods of investigation of the active group of insulin (Frevden- 
berg and Dirscherl, Z. physiol. Chem. 180, 212; Frevdenherg, Dirscherl 
and Eyer, ibid. 187, 89; 202, 128; Frettdenbergy Dirscherl, Eichel and 
Weiss, ibid. 159; Frevdenberg and Dirscherl, ibid. 192; Freudertherg 
ibid. 204, 233; FreudevJberg and Eyer, ibid. 213, 226; Frevdenberg, 
Weiss and Eichel, ibid. 248): 

(a) Chemical methods. When insulin reacts with formaldehyde, 
its activity disappears, and about 2% of CHgO is taken up. Since 
an equal quantity of formaldehyde is taken up by inactive insulin, 
the amount reacting with the active group must be very small, 
i.e. the active group is exceedingly small. The aldehyde is eliminated 
again by heating with dilute HCl, and the activity is partly regained. 
The formaldehyde may have reacted with an NHg or an NH < group. 
— Acetylation of insulin gives an acetyl derivative which has lost 
almost all activity; under mild conditions the acetyl group can be 
hydrolysed off once more, giving a physiologically active substance 
different from the original material. Comparison experiments on 
the ease of hydrolysis show that the * COCIL which has entered the 
active group can only be attached to Oil or NH < and not to 
NHg. — The action of N/30 alkali at 34® inactivates insulin in 
3—4 hours, with evolution of ammonia; this ceases when the in¬ 
activation is complete, and runs parallel with the fall in activity: 
0*16% of NHg is eliminated, which suggests that four molecules of 
ammonia are lost from each molecule of insulin. — Reduction of 
insulin with Na amalgam makes it inactive, and one half as much 
ammonia is eliminated as in alkaline hydrolysis; subsequent treat¬ 
ment with alkali leads to the elimination of the second half of the 
ammonia. From this it follows that alkali eliminates four mol. of NHg 
from insulin, and that two of the groups giving ammonia are sensitive 
to reduction. — Insulin can be esterified with alcohol and acid or 
with diazomethane; the ester is inactive, but the activity returns 
on hydrolysis; Jience the active group contains a COOH group. — 
Perbenzoic acid inactivates insulin, i.e. the active group is attack^ by 
perbenzoic acid; from the known molecular weight, it has been shown 
that the active group reacts with two molecules of perbenzoic acid. 

(b) Enzymatic methods. Trypsin, pepsin, papain and cathepsin 
inactivate insulin by hydrolysing the protein chain. Digestion with 
papain can be carried out so that inactivation takes place before 
fission, and this must mean that the nitrogenous group which is 
sensitive to alkali and reduction is also attacked in this process. 
The active group appears therefore from the enz 3 rmatic experiments 
to behave &e a protein, and for it to be active, it must form an 
integral part of the protein structure. 
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(c) Optical methods. Insulin has a typical absorption maximum 
at 280 mii*y which from its position and intensity may be due to 
tyrosine and cystine. By observing the changes in absorption caused 
by treatment with chemical reagents it has been shown that an 
alteration in the absorption means a decrease in the physiological 
activity. — The decrease in activity caused by the action of alkali 
or reducing agents is accompanied by a marked change in the optical 
rotation; from this it has been concluded that the active group 
contains a centre of asymmetry which is easily influenced; it is 
possible that tyrosine and cystine are components in the structure 
of this group. 

Constitution of insulin. —^The conclusions drawn from the experiments 
described can be summarised in the following picture of the con¬ 
stitution of insulin. It consists of an active group and a protein 
component which forms by far the greater part of the molecule, 
but is of minor importance for the physiological action. It is not 
possible to separate the active group, which is structurally part 
of the protein, and is not a group of a type different from the 
protein component. The active group consists of an arrangement 
of amino-acids, or derivatives of these, arranged very much as in 
a protein. — The active group represents 3 % of the molecule at 
the most, and it is not known of which amino-acids it is composed, 
but on spectroscopic grounds tyrosine and cystine are possible. 
The active group contains a grouping which can eliminate four NHg, 
and may contain sensitive CONHg or : > C: NH-groups; one of these 
groups is particularly labile, and practically all reagents which 
deactivate insulin attack this group. The following groups can be 
assumed, with some probability, to be present in the active group: 
> NH, OH, COOH and one asymmetric C-atom. 


E. THE SEX HORMONES 

In the higher organisms the sexual changes which take place at 
puberty are connected with the endocrine activity of the sexual 
glands. Castration of the young organism of either sex leads to 
permanent immaturity and the secondary sex characteristics do not 
appear; castration of an organism after puberty results in atrophy 
of the genital organs, disappearance of sexual activity and the loss 
of many of the exterior sex characteristics. The more obvious 
deficiency symptoms which occur after castration can be removed 
in the male organism by administering testicular extracts, and in 
the female organism by ovarian extracts. Hence it follows that in 
both sexes specific hormones are produced in the sex glands, the 
physiological functions of which are to cause the growth and develop¬ 
ment of the sexual organs, to regulate their functions, and to produce 
the secondary sexual characteristics. 

1) THE HORMONES OF THE MALE SEXUAL GLANDS: ANBROSTEBONE 

Physiology. — The male sex hormone (testicular hormone), 
formed in the male sex-glands (testicles), is distinguished by the 
following physiological functions: it causes the formation of the 
male genital tract and its accessories, the growth of the vas deferens, 
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Cowper’s glands, the prostate, the seminal vesicles and the penis; 
it influences the functions of the genital organs, the secretions of the 
subsidiary glands, and the life and motility of the sperms. Under 
its stimulus the secondary male sex characteristics are formed, 
e.g. the breeding dress of the carp, the comb, wattles and spurs of 
the cock {Berthold, Steindcht Koch, Moore, Funk, Loewe, etc.). 

Test. — Identification and quantitative estimation of the testi¬ 
cular hormone is best carried out by its effect upon the development 
of the seminal vesicles (vesicular glands) of castrated male rodents 
(“vesicular gland test’* of Loewe and Moore), or on the growth of 
the undeveloped comb of a capon (“comb test” of Koch). One comb- 
unit of the hormone, for example, is defined as that quantity of 
substance which, administered on two successive days to each of 
three capons, causes during the third and fourth days an average 
increase of 20 % in the area of the combs. The area of the comb 
is measured planimetrically from a shadowgraph of the comb (Bute- 
navdt and Tscherning, Erg. d. Physiol. 35 (1931), 301). 

Occurrence. — The male sexual hormone has been found by this 
test to be present in the blood of mammals as well as in the testes 
and epididymis, and is excreted in human male urine normally in 
small amounts; c.g. 5—6 comb-units per litre (Funk, Harrow and 
Lejma, Am. J. Physiol. 92, 440; Loewe, Rothschild, Rautenbusch and 
Voss, Klin. Wochschr. 1930, 1407; Biochem. Z. 221 (1930), 461). 
This discovery showed that male urine was a good starting material 
for the chemical investigation of the testicular hormone. 

Isolation. — With the aid of the comb test the testicular hormone 
was first prepared in a chemically pure and crystalline form from 
male urine {Butenandt and Tscherning, Erg. d. Physiol. 35 (1931), 
301). Acidified urine was extracted with CHCI 3 ; 92% of the soluble 
fraction was removed by shaking with aqueous alkali, and a further 
35% of the remaining neutral product by distillation in steam. 
The non-volatile residue contains the hormone and was hydrolysed 
with alkali and acid, the hormone remaining in the unsaponifiable 
neutral portion; it was further concentrated by distribution between 
benzene, petroleum ether and 60% alcohol (it passes into the 
latter), and was then separated as its oxime by the addition of 
hydroxylamine. The oxime, m.p. 215®, is converted by dilute acids 
into the crystalline hormone, which is called androsterone; it has 
m.p. 178®, and contains one comb-unit (according to the above 
definition) in 150—200/; ai)"= + 93* 5®. 100 litres of urine contain 
100 mg. of androsterone, of which 25 mg. can be isolated in the 
pure state. 

Constitution. — The composition of androsterone corresponds to 
the formula it contains one hydroxyl group (acetate m.p. 

161®; propionate m.p. 145®) and one carbonyl group (oxime m.p. 
215®). Androsterone is saturated and hence contains four hydrogenatm 
rings in the molecule. Reduction of the carbonyl group to an alcohol 
converts androsterone into a dihydro-derivative, m.p. 219®; this diol 
has a considerably stronger effect upon the comb than the ketone. — 
Male urine which has been hydrolysed with HCl contains, in addition 
to androsterone, an unsaturated chloroketone, C^ 9 H 270 C 1 , m.p. 157®, 
which is physiologically inactive; it shows its relationship to the 
sterols (p. 548) by intense sterol colour reactions; semicarbazone 
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m.p. 276®. It can be reduced catalytically to the dihydro-chloro- 
ketone, CigHa^OCl, m.p. 173^, which is converted into androsterone 
acetate by treatment with potassium acetate at 170—180®. This 
preparation of androsterone from physiologically inactive material 
proves its individuality and shows that the physiological activity 
is a property of the molecule. This experiment also indicates that 
androsterone has the same carbon skeleton as the sterols, and 
from its chemical behaviour, (N. 21 (1933), 49), who 

had only 25 mg. to work with, suggested that it had the following 
structure: 


O 



Such a molecule cai^i exist in a large number of stereo-isomeric 
forms, but the most probable configurations for most of the molecule 
are those which are common to the sterols and the bile acids. This 
assumption reduces the possibilities to the four which differ in the 
arrangement at positions 3 and 5, i.e. at the OH and H in the above 
formula. Ruzicka and his co-workers (Helv. 17, 1389, 1395, 1407) 
found that dihydrocholesteryl acetate can be oxidised to a ketone 
of the above formula, but that the product was not identical with 
the hormone. They then completed the series and prepared the 
other three probable isomers; the one obtained from epi-dihydro¬ 
cholesterol proved to be completely identical with androsterone, 
and hence the structure suggested by Butenandt is confirmed. 
Ruzicka^s work has made the hormone much more accessible than 
it is from natural sources, because cholesterol is a comparatively 
cheap starting material, and methods for its preparation from that 
source have been worked out (Callow and Deanesly, Biochem. J. 29 
(1935), 1424; Marker, Am. 67, 1765, 2358). 

HCl can be eliminated from the saturated chloroketone mentioned 
above, C^jH^^OCl, m.p. 173® (the chloride of androsterone), giving 
the unsaturated ketone, CigHgaO, m.p. 104®; hydrogenatioii * of this 
yields the saturated ketone, CiPlggO, m.p. 12^, which can be reduced 
to the saturated fundamental hydrocarbon of androsterone, androstane 
CjgHgg, m.p. 60®. 

Behydro-androsterone, CjgHggOg, m.p. 148®, can be prepared via 
its benzoate, m.p. 260®, by the interaction of the unsaturated chloro¬ 
ketone mentioned above and potassium benzoate at 180®; it is also 
found with androsterone in male urine; in the comb-test it has only 
1/3 of the physiological activity of the saturated substance. 

Testosterone, CigH^Oa, m.p. 164®, [a]D = + 109®. Further bio¬ 
logical tests show^ that male hormone extracts obtained from urine 
and from testes were not identical, particularly in their effect on 
the growth of the seminal vesicles of the castrated rat, and pointed 
to the existence of another powerful hormone in the testicular 
extracts (see inter alia, Freicd and Laqiieur, Nature 136 (1936), 184). 
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This hormone was isolated in 1935 (David, Dingemanse, Frevd and 
Laqvmr, Z. physiol. Chem. 233, 218) and is called testosterone; it 
is ten times as active as androsterone in the comb test and about 
seven times in the rat test. Its chemical behaviour suggested the 
formula: 


OH 



This has been confirmed by its preparation from dehydro-isoandro- 
sterone (Bvtenandt and Hanisch, Z. physiol. Chem. 237, 89; Ruzicha 
and Weilstein, Am. 57, 2011; Helv. 18, 1264). It seems probable 
that testosterone is the characteristic male hormone of the testes 
and that those excreted in the urine are transformation products. 
Various related substances have been prepared (Bvi^rumdt, Tscher- 
ning and Hanisch, Ber. 68, 2097), but testosterone remains the most 
potent male hormone known. 

2) THE FEMALE SEX HORMOXES: THE FOLLICULAR HORMONES 
(OESTRONE, ETC.) AND THE CORPUS LUTEUM HORMONE 
(PROGESTERONE) 

Physiology. — The female ovary produces two sex hormones, one 
in the follicle, the sac containing the egg during its development 
and ripening, and a second in the yellow body (coryus luteum) which 
is formed from the follicle after the ripening and expulsion of the 
egg. The female sex hormone of the follicle (follicular hormone, 
oestrone, theelin) governs the growth of the female genital organs, 
and is a growth substance with a specific action upon the uterus, 
the vagina and the lacteal glands; it also causes the proliferation 
of the uterine mucus which takes place during the ripening of the 
follicle. Hence it controls part of the phenomena of oestrus and 
menstruation which are characteristic of the female genital system, 
and are shown histologically by a periodic building up and de¬ 
gradation of the uterine mucus (Kruiuer, Steinach, Allen, Daisy, 
etc.). — The female sex hormone formed in the corpus luteum 
(progesterone) has the function of reconverting the uterine mucus, 
proltferated by the action of the follicular hormone, into a secretory 
mucus (Allen, Comer, Clauberg). 

Test. — The follicular hormone is recognised by an oestrus reaction 
with castrated female rodents: the subcutaneous injection of 1 mouse- 
unit of follicular hormone into a castrated mouse is that which 
causes a single oestrus cycle, the maximum of which is characterised 
by the occurrence of hom-like, anucleate cells in the vagina (Allen- 
Daisy test). 

The carpus ItUeum hormone is tested by its action upon the pro¬ 
liferated uterine mucus of the immature rabbit: one rabbit-unit 
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causes a complete transformation of the endometrium proliferated 
by the follicular hormone into secretory mucus (Comer-Clavberg 
test; Clatiberg, Die weibKchen Sexualhormone, Berlin, 1933). 

Distribution and occurrence. — The follicular hormone is found in 
the ovary, in the follicle and the follicular Liquid, in the blood and 
urine of mammals and human beings. During pregnancy it is formed 
in the placenta and excreted in large quantities in the urine; a 
particularly rich source is the urine of pregnant mares. It occurs 
in all classes of animals and is found widely distributed in the 
plant kingdom; it has also been detected in bitumen. Andro- 
sterone is always accompanied by the follicular hormone, and in 
surprisingly large quantities in the testes and urine of stallions 
(Stumer and West'phal, Erg. d. Physiol. 35, 318; Zondek, Nature 
133, 209). 

The corjms luteum hormone is found in the gland itself and in 
the placenta (Adler, de Fremery and Tausk, Nature 133, 293). 

Isolation of the follicular hormones. — A follicular hormone was 
isolated in the pure crystalline state in 1929 by Doisy and by Bute- 
nandt independently (Doisy, Veler and Thayer, J. Biol. Chem. 86, 
499; 87, 357; Bvtenandt, N. 17, 879; Z. physiol. Chem. 191, 127). 
The original starting material was urine of pregnancy, but later it 
was isolated from mares’ urine, placenta and palm kernels (Erg. d. 
Physiol. 36, 318; Butenandt and Browne, Z. physiol. Chem. 216, 49; 
Bvienandt and JcLCobi, ibid. 218, 104). In its isolation, use was 
made of its solubilities and of its chemical character as an un- 
saponifiable substance with weakly acid properties, stable towards 
acids, alkali and temperature. 

The portion of the starting material soluble in ether is best sub¬ 
jected to aqueous alkaline hydrolysis by several hours’ heating on 
the water-bath with 5% caustic potash; the alkaline solution is 
saturated with COg and exhaustively extracted with ether; the 
alkali-soluble (phenolic) part of the ether extract is then distributed 
between 50% alcohol and high-boiling petroleum ether, and the 
material from the alcoholic solution is then distributed between 60 % 
alcohol and benzene; the benzene layer, which contains most of 
the hormone, is finally heated for 3 hours with dilute alcoholic 
HCl, and the phenolic portion (soluble in alkali, insoluble in car¬ 
bonate) which remains after this hydrolysis is distilled in high vacuum 
(0*02 mm. Hg) at 130—160®. This gives the crystalline hormone, 
which can be purified by recrystaUisation from acetic ester and 
dilute alcohol. 

The crystalline hormone obtained in this way is known as oestrone, 
the a-foUicular hormone; it forms monoclinic or rhombic crystals 
of m.p. 259®, and has a characteristic absorption maximum at 
280—285 my; an = + 8-5®. It is a hydroxy-ketone, acetate 

m.p. 126®, benzoate m.p. 217*5®, oxime m.p. 233®, methyl ether 
m.p. 167® (Butenandt, Z. physiol. Chem. 191, 140; Bvienandt and 
Stormer, ibid. 208, 129; for other methods of separation see: Beall 
and Marrian, Chem. and Ind. 53, 309 T: Beall and Edson, Biochem. 
J. 30, 577). It was formerly called oestrin, but this name is best 
reserved for the group of which oestrone and oestradiol are re¬ 
presentatives. 
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Careful investigation of the urine of pregnancy, mares’ urine and 
placenta has shown that there are other characteristic substances 
besides the a-foUicular hormone which exert the same physiological 
actions; the following table summarises several of the more closely 
investigated foUicular hormones (de Jonghy Koher and Laqueur, 
Biochem. Z. 240, 247; Girard and collaborators, C. r. 194, 909; 1020; 
Schwenk and HiUehrandty N. 20, 658; Endocrinology, 15, 315; 
Marriariy Biochem. J. 23, 1090, 1233; 24, 435, 1021; Bviertandt and 
Br(ywney Z. physiol. Chem. 216, 49; Winterateinery Schwenk, Hirsch- 
mann and Whitrmny Am. 58, 2652): 


Summary of crystalline follicular hormones 


Substance 

Formula 

M.p. 

Optical 

rotation 

j Physiol, activ. 
per gram 

1 Isolated 
from 

a-Follicular 

C18H22O2 

2690 

aj)= 4 -158*50 

8-10 Mill. 

Urine of 

hormone: 
oestrone 



MU 

pregnancy 
and mares* 



1 




urine 

<5-Follicular- 

C18H20O2 

215-2170 

aD-~4*7o 

4-5 Mill.MU 

Mares’ urine 

hormone 





Oestriol 

C18II24O3 

2800 

ao = + 300 

76,000 

Urine of 

(theelol) 

I 

i 

i 


MU 

pregnancy. 

placenta 


Equilin 

C18H20O2 

288-2400 ; 

OLD - + 3080 

1 --1*5 Mill. 

Mares’ urine 

1 


MU 


Hippulin 

C18II20C2 

1 

2330 1 

aD - + 1280 

-^1*6 Mill. 

Mares’ urine 

1 



MU ! 


Equilenin 

C.sHjsOa 

258-2690 1 

an — + 370 t 

400,000 to 

Marcs’ urine 





700,000 MU 



The (5-follicular hormone is a diol and is related to equilenin, 
and oestriol, CJ 3 H 24 O 3 , first isolated by Marrian, is a triol; triacetate 
m.p. 127®, an = + 16®. Equilin, hippulin and equilenin are unsatu¬ 
rated hydroxy-ketones, the first two with four and the last with 
five double bonds (formula XI, p. 596). 

Constitution of ocstrono. — Oestrone has the constitutional 
formula (I) and oestriol is (II); the latter is dehydrated by distillation 
in a high vacuum over KHSO 4 to oestrone. — The formulae are 
based upon the following experimental results: measurements of 
molecular refraction and the preparation of saturated hydrogenation 
products show the presence of an unsaturated system of four rings 
with three double bonds (hexahydro-desoxo-oestrone, C^gHoy-OH, 
m.p. 105®; hexahydro-oestriol, Ci 8 H 27 (OH) 3 , m.p. 256®; hexanydro- 
desoxy-oestriol, Ci 8 H 28 (OH) 2 , m.p. 153®). These bonds have an 
aromatic character and are indifferent towards all reagents; their 
conjugation gives rise to the ultraviolet absorption maximum of the 
hormone at 285 m/x, but they do not produce an exaltation in the 
molecular refraction. One hydroxyl in all the crystalline follicular 
hormones investigated is in the aromatic nucleus and shows phenolic 
properties; hence the hormones behave as weak acids (Bvix,rwmdt 
and Weatphaly Z. physiol. Chem. 223, 147). 

Klchter-Anschiltz ii. 38 
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Crystallographic measurements and surface film experiments indicate 
that oestrone has a poly-condensed ring system, and that the functional 
groups are at opposite ends of the molecule and as far apart as 
possible (Bernal, Chem. and Ind. 51, 460; Adam and collaborators, 
Biochem. J. 26, 1233; Danielli, Am. 66 , 746). The nature of the 
ring system was confirmed by the following degradation: oestriol (II) 
is converted by alkali fusion into the dicarboxylic acid 
(HO)CieHi 0 (COOH )2 (III), which yields its anhydride on distillation; 
this makes it probable that the carboxyls are 1:5 to one another. 
The dicarboxylic acid (III) can be smoothly dehydrogenated by 
selenium to 7-hydroxy-l: 2-dimethyl-phenanthrene (IV), m.p. 197®, 
and this by distillation with Zn dust to 1:2-dimethyl-phenanthrene 
(V), m.p. 140® (see Haworth and Sheldrick, J. 1934, 864; Cohen, 
Cook, Hewett and Girard, ibid. 634). In agreement with this constitu¬ 
tional formula, oestrone and its derivatives can be dehydrogenated 
under energetic conditions into cyclopentenophenanthrol (VII) and 
chrysene (BtUenandt, Weidlich and Thompson, Ber. 66 , 601; Biite- 
Tiandi and Thompson, Ber. 67, 140; Cohen, Cook, Hewett and Girard, 
J. 1934, 663). 

Gentle reduction of oestrone gives dihydro-oestrone (oestradiol), 
m.p. 170®, in which the carbonyl group is replaced by a secondary^ 



PROGESTERONE 


595 


alcohol group. This change is accompanied by a marked increase in 
physiological activity (8mwenk and Hildebrandt, N. 20, 668 ; 21, 
177). This compound has been isolated in very small amounts from 
the ovaries of pigs (MacCorqtuidale, Thayer and Doisyy J. Biol. 
Chem. 115 (1936), 435) and from the urine of pregnant mares 
(WinUrsteiTiy Schwenk and Whitmany Proc. Soc. Exp. Biol. Med. 32 
(1935), 1087), and seems to be the true follicular hormone, oestrone 
being a secondary or transformation product. 

Isolation of the corptis Ivieum hormone. — Progesterone can 
be extracted from fresh corpora lutea with lipoid solvents; it is 
found in the fractions soluble in benzene, acetone and methyl alcohol, 
and is enriched in the alcoholic phase by distribution between 33% 
alcohol and light petroleum. In the crude state it is sensitive to 
alkali and oxidising agents, but being a neutral substance it can 
be freed from acid impurities by shaking the ethereal solution with 
NaHC 03 for a short time (AlleUy Am. J. Physiol. 92, 174; 100, 650; 
106, 55; Fevoldy Hisaw and Meyer y Am. 62, 3340; Fevoldy Hisaw 
and Leonard, Am. 64, 254). BtUenandt, Weatphal and Hohlweg 
(Z. physiol. Chem. 227, 84) were able to prepare pure crystallisates 
with corpus luteum activity on the basis of the fact that almost 
the whole of the activity of the purified extracts is thrown down 
by the addition of semicarbazide: cautious hydrolysis of the slightly 
soluble crude semicarbazone, followed by sublimation in high vacuum, 
gave a crystaUisate which contained 40% of the activity of the 
original extract in a form stable to heat, acids and alkalis; this was 
a mixture of several closely-related substances, from which by 
systematic fractionation the physiologically active substance could 
be isolated. It is accompanied by an inactive saturated hydroxy- 
ketone, allopregnanolone, m.p. 194®, acetate m.p. 145®, oxime m.p. 
223^, which is best removed by treatment with chlorsulphonic acid 
(Bvienandt and Westphal, Ber. 69, 443). 

Progesterone, C 21 H 3 QO 2 can be obtained in two polymorphic forms, 
prisms m.p. 128® and needles m.p. 121®; its dioxime melts at 243P. 
IF is an unsa turated d&etone and the position of the ultraviolet 
absorption^and' suggests that the one double bond is in the ap 
position to a carbonyl group. That the main skeleton is of the sterol 
type was shown by X-ray study of the crystals (Neuhavs, Ber. 67, 
1627).' On this basis Slotta suggested the following formula which 
is closely related to that of pregnanediol (ibid. 1624). 

CO.CH3 


ho/ 

Progesterone Pregnanediol 

This formula has been fully established by the preparation of pro¬ 
gesterone from two compounds of known structure, pregnan^ol 
(BtdeiMmdt and Schmidt, Ber. 67, 1901) and stigmasterol (Bvienandt, 
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596 


HORMONES 


Westphal and CobleVy ibid. 1611; Fernholzy ibid. 1885, 2027). The 
hormone differs from those described above in that it is only effective 
in relatively enormous doses. 


8 ) THE RELATIONSHIP OF THE SEX HORMONES TO EACH OTHER 
AND TO THE STEROLS.— PREGNANEDIOL 


The constitutional formulae of the chief sex hormones being 
known, there arises the question of their relation to one another 
and to the sterols (p. 547). The formula of coprosterol and dihydro¬ 
cholesterol, C 27 H 4 gO, is shown by formula (VIII); comparison with 
the structural mrmulae for androsterone and oestrone shows 
that the same carbon skeleton is present in each, and that by 
replacement of the side-chain of eight C-atoms in these sterols by 
a keto-group a substance of the type of androsterone would be 
produced. 

The relationship of the sex hormones to the sterols is shown in 
the case of androsterone by the intensive sterol colour reaction of 
its dehydro-compound, and with oestrone by the preparation of 
identical compounds from the hormone and from sterol derivatives. 



H3O—OH—CHa—CHg—CH.>—CH—CH3 
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Thus oestrone gives chrysene on energetic dehydrogenation, like 
cholesterol (p. 553) and cholic acid (p. 559), and the 1:2-dimethyl- 
phenanthrene (V) (p. 594) prepared from oestriol can also be obtained 
by the dehydrogenation of aetiobilianic acid (VI, p. 594) (Butenandt, 
Weidlich and Thompson, Ber. 66, 601; Butenandt and Thomvson] 
Ber. 67, 140). 

The question whether the sex hormones arise in vivo by side chain 
degradation of the sterols is so far unanswered; but a series of natural 
products is known which might be intermediate products in such 
a degradation (cf. Sterols, p. 552). This also holds for the bile acids 
(p. 549) and their derivatives, and especially for pregnanediol (IX), 
which accompanies oestrin in urine of pregnancy, and for the 
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saturated hydroxy-ketone found with progesterone in the corpus 
luteum. 

Pregnanodiol^ CgiHggOg, forms leaflets, m.p. 235®; it is only slightly 
soluble in almost all organic solvents and cannot be precipitated 
with digitonin. In the preparation of oestrone from urine of pre¬ 
gnancy, pregnanediol accompanies the oestrone until it reaches a 
high state of purity, and can then be separated because of its neutral 
character. Pregnanediol has the constitution (IX), and this formula 
is confirmed by the preparation of the fundamental hydrocarbon 
pregnane (X), m.p. 83*5®, from pregnanediol on the one hand, and 
from cholic acid (p. 559) on the other, by degradation of its side- 
chain to the residue —CHo-CHg (cf. formulae, p. 596) {Bvienandt, 
Ber. 63, 659; 64, 2529). 

Since pregnanediol gives a positive iodoform reaction with alkaline iodine 
solution, one hydroxyl group must be in the side-chain; the other hydroxyl 
is in the first 6-ring, as is shown by the preparation of the keto-dicarboxylic 
acid, C 2 iHa 205 , m.p. 270®, and its pyroketone, CaoHgoOg, m.p. 147®. Pregnane¬ 
diol diacetate has m.p. 180®. 

Pregnanediol has so far been isolated only from urine of pre¬ 
gnancy, and it appears to be a neutral oxidation product of coprosterol 
and of lithochohc acid. Its empirical formula is very close to that 
of the physiologically inactive hydroxy-ketone mentioned above 
which accompanies progesterone prepared from corpus luteum. 
The diketones prepared from this hydroxy-ketone and from preg¬ 
nandiol are not identical, because the former belongs to the cholesterol 
series and the latter to the coprosterol series, which differ in stereo¬ 
chemical configuration. 

Pregnanediol, CgiHggOg, and the hydroxy-ketone, CgiHg^Og, might 
clearly serve as intermediates between the bile acids and andro- 
sterone, and the former is very closely related to progesterone. The 
other hormones shown in the table on p. 593, equilin, hippulin and 
equilenin are dehydrogenation products of oestrone, the first two 
being isomeric with a total of four double bonds, and the last a 
naphthalene derivative (XT) with five double bonds. 


So far only those hormones have been considered which have 
been weU characterised by chemical methods (see table, p. 579). 
A short survey is now given of the more important animal hormones, 
the physiological actions of which are known, but which have not 
been prepared in the pure state and hence have not been fully 
investigated chemically. 

Other endocrine glands which are known include the pituitary 
(hypophyse), the parathyroids, and the thymus gland; it is doubtful 
whether the pineal gland is an endocrine organ. The intestinal 
mucus and probably the heart also contain substances of specific 
physiological action, which may be considered as hormones. 

The pituitary gland consists of three clearly defined parts, 
each of which is has a separate endocrine function; these are the 
anterior lobe, the median lobe and the posterior lobe of the 
pituitary. 
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F. THE HORMONES OF THE ANTERIOR LOBE OF THE 
PITUITARY (A.L.P.) 

The A.L.P. is the site of formation of several hormones; it regulates 
the growth of the organism and the endocrine functions of most 
of the hormone glands. 

1) THE GROWTH HORMONE 

The connexion between the A.L.P. and the growth of the organism 
follows from clinical tests: increased activity of the gland caui^s 
acromegaly, recognised by an increase in the size of the anterior 
portions of the body, an enlarged jaw, hands and feet, coarsening 
and deformation of the face, tongue and larynx, as a result of the 
growth of the connective tissue and thickening of the epidermis; 
in juveniles the long bones of the extremities grow particularly 
rapidly (gigantism). Decreased action of the A.L.P. leads to dwarfed 
growth. — The results of animal experiments are in agreement with 
the clinical results: injury of the A.L.P. leads in young animals 
(dogs, rats) to interruption in growth and dwarfs (Ashner, Smith)'; 
the administration of A.L.P. extracts causes acceleration of growth, 
and to some extent giant growth, in planarians (turbellarians), 
tadpoles, axolotl, rats and dogs (Wulzen, Uhlenhuthy Allen, Evans). 

Little is known of the chemical properties of the growth hormone. 
To prepare an active hormone extract, ox A.L.P.s are extracted for 
10 mins, with 40% alcohol, rubbed to a paste with sterile sand and 
extracted with physiological salt solution. The hormone contained 
in this extract is precipitated from solution by the addition of alcohol; 
it is sensitive to heat and hydrolysing agents and is inactivated by 
digestive ferments {Long and Evans, Anat. Rec. 21, 62; J. Amer. 
Med. Assoc. 101, 425; Evans sad Simpson, Amer. J. Physiol. 89, 371), 

2) THE PRIMARY SEX HORMONE (GONADOTROPIC HORMONE) 

Besides the growth hormone, the A.L.P. contains a substance in 
the absence of which the sexual glands of both sexes cannot fulfil 
their functions; this ‘‘primary sexual hormone” is not specific for 
either sex, and it controls the development and functions of the 
gonads. The physiological significance of this gonadotropic hormone 
is clear from the following discoveries (Smith and Engle, Aschheim 
and Zondek, Evans). 

(a) If the A.L.P. is removed from immature animals, they never 
attain sexual maturity, (b) When the A.L.P. is removed from 
mature animals, sperm production, egg-ripening and oestrus cease, 
the follicle in the ovary atrophies, new corpora lutea are no longer 
formed, but those already there are retained for some time; gradually 
complete atrophy of the genital organs and of the subsidiary glands 
of the genital tract takes place, (c) A.L.P.-ectomised animals of 
both sexes can be cured of these deficiency symptoms by the im¬ 
plantation of A.L.P.; in the female organism, enlargement and 
mcrease in weight of the ovaries takes place and new follicles and 
corpora lutea are formed, but it is difficult to stimulate the ovary 
to its full function again. In the male sex, complete regeneration 
takes place; the testes assume normal weight, and sperm production, 
libido and fertility return to normal. In both sexes an increas^ 
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development of the seoondaiy sex organs takes place parallel with 
the changes in the sex glands. If the experiment is interrupted, 
a complete reversal of the induced development follows, (d) The 
behaviour is equally clear when immature animals are implanted 
with A.L.P. tissue. It is possible to increase the size of the ovaries 
of an immature female rodent above a certain age 10 to 20 times, 
and to cause the formation of follicles and corpora lutea (lutein- 
isation); changes occur which would normally appear days or weeks 
later. Parallel to the changes in the ovaries there occurs marked 
growth of the uterus and vagina together with the phenomena of 
heat. The immature male animal does not respond so clearly; 
changes of the testes and increased spermatogenesis can scarcely be 
observed, but the effect upon the development of the subsidiary 
glands is more obvious, (e) An important confirmation of these 
experimental results is the proof that no physiological action is 
obtained by implanting A.L.P. into castrated animals. From this 
fact it is a necessary consequence that the physiological function 
of the A.L.P. is the. formation of the gonadotropic factors; as a 
result of its action the sex glands perform their normal functions, 
and all changes in the remaining sexual organs are induced 
secondarily by these. 

The changes caused in the immature female rodent by the action 
of A.L.P. are so characteristic that they are used for the detection 
and quantitative estimation of gonadotropic activity. For example, 
on the basis of this test, the mouse-unit (M.U.) of gonadotropic 
hormone is the smallest quantity of substance which, on admini¬ 
stration in a certain way (subcutaneously) to an immature female 
mouse, causes ripening of the follicle or luteinisation. 

The gonadotropic substance has been extracted with solvents from 
the A.L.P. by Evans, This discovery is the prelude to a chemical 
investigation of the problem (Anat. Rec. 21, 62; 23, 19; Amer. J. 
Physiol. 80, 114; Zondek and Aschheim, Klin. Woch. 6, 248; 7, 831; 
Arch. Gynak. 130, 1). 

It is not known how many substances are present in the gonado¬ 
tropic principle; it is commonly assumed that several material 
factors are concerned, of which one causes ripening of the follicle 
(“prolan A”), another the luteinisation (“prolan B”), but there is 
no clear proof of this assumption. 

During pregnancy, the urine of women contains large quantities 
of gonadotropic hormone. The physiological detection of this ex¬ 
cretion by means of an immature mouse can be used for the re¬ 
cognition of the first stages of pregnancy {Aschheim-Zondek reaction). 
The gonadotropic substance in the urine of pregnancy does not 
come from the pituitary, but from the placenta; it is, however, very 
probably identical with the hormone from the A.L.P., so that such 
urine is a valuable starting material for the chemical characterisation 
of the primary sexual hormone. 

Properties. — The gonadotropic substance is soluble in water, 
dialysable, and sensitive to heat, hydrolysing agents and proteolytic 
enzymes; it can be adsorbed from acetic acid solution on to permutite, 
from which it can be eluted with ammonia. In contrast to the 
growth hormone, it can be precipitated by acetone from 50% 
alcohol, in which it is soluble. The purest sample obtained causes 
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ripening of the follicle and luteinisation in the immature mouse in 
doses of 1 y (Dickens, Biochem. J. 24 (1930), 1507; Marshall, ibid. 26 
(1932), 1358; 27 (1933), 621; Zondek, Scheihler and Krabbe, Biochem. 
Z. 268, 102; Fischer and Ertel, Z. physiol. Chem. 202, 83). 

3) THE THYREOTROPIC HORMONE 

A similar mutual relationship exists between the thyroid gland 
and the A.L.P. as between the sexual glands and the A.L.P. This 
is shown most clearly by experiments on the larvae of amphibians : 
if the pituitary is removed from the tadpole, its thyroid remains 
abnormally small and incapable of functioning, and as a result of 
the deficiency in thyroxin, metamorphosis does not take place. 
Minimal doses of an extract of A.L.P. causes normal growth and 
metamorphosis of the tadpole (Allen, Evans, Smith). In particular, 
it has been shown that under the action of A.L.P. extract the 
epithelial follicle of the thyroid gland is stimulated and the thyroid 
secretion set free. The thyroid gland of warm blooded animals also 
becomes smaller and incapable of functioning after removal of the 
pituitary; in young guinea-pigs the change of the thyroid gland 
into a functional gland under the action of A.L P. extracts can be 
readily followed histologically, and a reaction for the detection of 
the thyreotropic hormone has been based upon this (Scholler and 
Junkrnann). The thyreotropic hormone can be separated from the 
growth hormone and the gonadotropic substance, but it has pro¬ 
perties quite similar to these: it is sensitive to heat and to hydrolysing 
agents and is inactivated in the stomach and intestinal canal; it is 
readily soluble in water and in 50—70% alcohol, and insoluble in 
most organic solvents (Paal, Klin. Woch. 1921, 2172; Anselmino 
and Hoffmann, ibid. 2380; Junkrnann and Scholler, ibid. 1932, 1176; 
Janssen and Loser, Arch. Exp. Path, 163, 517; Hohlweg and Junk- 
mann, Pflugers Arch. 232, 148). 

4) FURTHER HORMONMi FACTORS OF THE A.L.P. 

It appears certain that the endocrine functions of the A.L.P. are 
not exhausted by serving as a source of the three hormones described 
above; many experimental results indicate that the remaining 
hormone glands are activated by endocrine stimulation from the 
A.L.P.; e.g. the A.L.P. influences the suprarenals, the “adreno- 
tropic’’ factor of the A.L.P. causing increased excretion of adrenalin 
from them. Since adrenalin arrests the lowering of the blood sugar 
caused by insulin (p. 586), the adrenotropic factor of A.L.P. is 
known as the “contra-insulin hormone”. In a similar way the A.L.P. 
activates the parathyroids and the pancreas, and the metabolism 
of fats and the secretion of milk are influenced by the A.L.P. These 
many secretions of the A.L.P., the presence of which has only been 
detected so far by biological experiments, have scarcely been 
characterised as chemical substances, and it cannot be decided 
whether or not all the distinct physiological actions are derived 
from diHerent hormones (Lticke, Kim. Woch. 1932, 1678; Anselmino, 
Herold and Hoffmann, ibid. 1933, 1245; Anselmino and Hoffmann, 
ibid. 1435; Anselmino, Herold andHoffnmnn, ibid. 1944; 1934, 209; 
Hoffmann and Anselmino, ibid. 44; Arch. Path. Pharm. 170, 166), 
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0. THE HORMONES OF THE POSTERIOR LOBE OF THE 
PITUITARY (P.L.P.) 

Extracts of P.L.P. bring about the following pharmacological 
reactions: (1) they raise the blood-pressure; (2) they stimulate the 
contraction of the uterus; (3) they check diuresis; (4) they aid the 
secretion of milk; and (5) they increase intestinal peristalsis {Schafer 
and Olivery Ott, Scotty Dale), 

The preparation of a pure biological principle from the P.L.P. 
has not yet been carried out, and the number of hormones produced 
is not yet known; hence there is no evidence as to how many sub¬ 
stances cause the pharmacological actions of the P.L.P. extract. 

Kamm (1928) has conclusively proved that at least two incretes 
are present in P.L.P. extract. He extracted the tissue with 0*25% 
acetic acid, precipitated the biologically active principles with am¬ 
monium sulphate and took up the precipitate in 99% acetic acid; 
with ether or light petroleum he precipitated part of the substance 
dissolved in the acetic acid. Physiological tests showed that in this 
fractionation the uterine stimulant remained in solution; it was 
named oxytocin (a-hypophamine, orasthin). The precipitated 
component contained the blood pressure activity, the diuresis¬ 
checking and the intestinal peristaltic action. The substance with 
the action upon the circulation is known as vasopressin ()5-hypo- 
phamine, tonephin). — Of the properties of the two substances 
all that it is known is that they are easily adsorbed and labile 
to alkali ; they are more resistant to acids, but strong mineral acids 
destroy them (Gvlland and Newton, Biochem. J. 26 (1932), 337). 


H. THE HORMONE OF THE MEDIAN LOBE OF THE 
PITUITARY: INTERMEDIN 

The presence of a hormone can be proved in the median lobe of 
the pituitary of cold and warm blooded animals; up to the present 
it has been characterised only by its action upon the pigment cells 
of fishes and amphibians: it causes the opening of all the pigment 
cells and is responsible for the adaptation of the colour of many 
animals to their surroundings. This hormone is known as inter¬ 
medin; the role it plays in the higher vertebrates is unknown. 

Tadpoles with no pituitaries remain permanently pale, since the 
dark pigment cells (melanophores) cannot expand; frogs and toads 
without pituitaries lose the ability to adjust the colour of their 
skin to changes in the light, moisture and temperature. Ad¬ 
ministration of pituitary extract to these animals causes an immediate 
opening of the melanophores. The minnow {Phoxinm laevis) reacts 
to the administration of pituitary extract with a deep colouration, 
by the opening of the black and red pigment cells; in particular the 
opening of the red pigment cells (erythrophores) at the points of 
attachment of the breast-, stomach- and rear-fins is a specific indi¬ 
cation of intermedin action, and serves as the basis for a specific 
test for the hormone: one phoxinus-unit of intermedin causes in 
three of five minnows a purple-red colouration 4—9 mm^. in size at 
the points of attachment of the fins, and a linear shining purple-red 
colour behind the rear fin; the reaction lasts one hour. 
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Quantitative studies with the aid of this test have established 
that the greatest concentration of intermedin is present in the 
median lobe of the pituitary; except for the brain, no other organ 
contains mtermedin (Swingtsy Hogben and Wintoriy Zondek). 

Properties of intermedin. — The hormone of the median lobe can 
be extracted from the gland with hot 0*25% acetic acid; it is stable 
to boiling, but is sensitive to fermentative digestion and to irradiation 
with ultraviolet light. It appears to be almost insoluble in ether, 
acetone and ethyl acetate, difficultly soluble in benzene and chloro¬ 
form, and readily soluble in alcohol; it is dialysable. Acids and 
alkali destroy the activity only under energetic conditions. Thus 
intermedin is considerably different in its properties from all the 
other hormones of the pituitary, so that it is easy to separate from 
the other active substances of this gland (Zondek and Krohn, Klin. 
Woch. 406 (1932), 404, 1293). 

I. THE HORMONE OF THE PARATHYROID GLANDS: 
PARATHORMONE 

Removal of the parathyroids leads to a severe tetanus (Tetania 
parathyreojiriva) which results in death; the symptoms are strong 
over-stimulation of the peripheral nerves, convulsions and violent 
contractions of the muscles. The cause of these symptoms lies in 
a break-down in the calcium metabolism: shortly after the exstirp- 
ation of the gland, the Ca content of the blood and tissues falls 
considerably and continuously; administration of lime and im¬ 
plantation of parathyroid gland combat the tendency to tetanic 
spasms (v. EiseUbergy Qley, Erdheimy McCollum). 

Collip (1925) was the first to prepare a definitely active extract 
from the parathyroid glands, thereby giving the final proof of the 
presence in the parathyroids of a hormone (“parathormone’*) which 
regulates the Ca metabolism of the organism. The extract has the 
following physiological properties. (1) In the normal dog it causes 
an immediate increase in the Ca content of the serum, the increase 
being proportional to the dose given; this action can be used as a 
quantitative test for parathormone: the unit is defined as 1/100th 
part of an extract which is necessary in one injection to raise the Ca 
content of the blood of a dog by 50% in 12 — 16 hours. (2) A 
complete substitution therapy can be carried out on the para- 
thyroidectomised animal with the extract prepared by Collip; the 
low Ca level is raised to normal and the symptoms of tetanus vanish. 

Hence the parathyroid glands are vital organs for animals and 
mankind; through their hormone they control the Ca level of the 
blood and thereby the normal development and maintenance of 
the bones. 

Preparation of the active principle from the glands and its pro¬ 
perties. — Fresh or frozen glands are extracted with 1*5—5% dil. HCl 
at 109® for ^/o-—1 hour, the solution is brought to pn 8—9 by the 
addition of alkali, filtered and again acidified; at pn 5*5 another 

D itate appears. From the filtrate the parathormone is precip- 
by the ^dition of common salt; purification is achieved by 
repeated precipitation of the active fraction at various pn, giving 
a substance which contains pne unit in 0.3 mg. — The substance is 
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amorphous and not dialysable; it is soluble in water and in 80% 
alcohol, and insoluble in ether, acetone and pyridine; it ^Ves all 
the usual protein reactions, and loses its physiological activity by 
an hour’s boiling with 10% HCl, or 6% NaOH, and by digestion 
with trypsin or pepsin (Berman, Amer. J. Physiol. 76, 358; Altardyce, 
ibid. 98, 417; Collip, J. Biol. Chem. 63, 395; Collip and Clark, 
ibid. 64, 485; 66, 133). 

J. THE THYMUS AND PINEAL GLANDS AS ENDOCRINE 

ORGANS 

Our knowledge of the endocrine functions of the thymus gland 
and the pineal gland (epiphyse) is very imperfect. 

Judged from its anatomical relationships, the thymus gland 
should be of chief significance in its influence on the young growing 
organism, since the gland reaches its highest stage of development 
at about puberty and then gradually degenerates. The results 
of thymus extirpation appear to be to some extent contradictory, 
but it is particularly interesting that disturbances of the skeletal 
growth, of the normal genital development and of the nervous 
system can be observed in young animals. An influence of the thymus 
substance, which could definitely be reproduced, upon the growth 
and development of young animals was found by Ovdernatsch in 
experiments with frogs* larvae: the thymus-substance when fed to 
tadpoles caused retardation of the metamorphosis and giant growth, 
that is, actions opposite to those of thyroxin. — Scarcely anything 
is known of the chemical properties of the thymus hormone (Asher 
and Nowinski, Biochem, Z, 226, 415; Asher and Stotzer, ibid. 234, 1; 
Asher and Zenklusen, ibid. 252, 309; Asher, ibid. 267, 209). 

Our knowledge of the endocrine function of the pineal gland is 
still more imperfect; see the summary in “Endocrinology** 7, 379; 
Silberstein and Engel, Klin. Woch. 1933, 908; Engel, ibid. 1934, 266. 

K. THE HORMONE OF THE INTESTINAL MUCUS: SECRETIN 

Bayliss and Starling (1902) prepared from intestinal mucus an 
extract that stimulated a lively secretion from the pancreas when 
administered parenterally; hence it was named secretin. To prepare 
a highly active concentrate the active substance can be adsorbed 
from an alcoholic extract of intestinal mucus on to the salt of a 
bile acid; 0*03 mg. of the purest preparation stimulates in cats the 
secretion of 2 cc. of pancreatic juice. Secretin has the properties 
of a polypeptide; its physiological action is completely destroyed 
in a short time by digestion with trypsin and pepsin and by heating 
to 100® (Proc. Soc. exp. Biol. Ill, 429; Cunningham, Biochem. 
J. 26 (1932), 1081). 

L. THE HEART AND CIRCULATORY HORMONES: CALLICREIN 

Lbwi and Haberlandt have extracted from the heart a substance 
which has an action similar to adrenalin, accelerating the heart 
and increasing the intensity of the beat. It is uncertain whether 
his substance is a new chemical compound. — A substance which 
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has been more fully investigated is a “circulatory hormone” first 
prepared by Kraut and Frey from urine; it appears to be widely 
distributed in the body, but is probably formed in the pancreas. 
This hormone is named callicrein, and its effect is shown in a 
characteristic distribution of the blood: the vessels of the lungs, 
brain, muscles and skin are enlarged, hence these organs become 
full of blood, and at the sime time the heart is stimulated to increase 
its frequency and amplitude of beat. 

In the preparation of callicrein-concentrates from urine, serum 
or tissues, use is made of its solubility in water, its precipitation 
with lead acetate, uranyl acetate, and phosphotungstic acid, and 
its ease of adsorption by aluminium hydroxide. The callicrein unit 
is that quantity of substance contained in 5 cc. of mixed urines; 
the purest preparation contains the unit in 0-1 mg.; it shows no 
protein reactions, and is extremely sensitive to heat, acids and 
alkali. The property of callicrein which is most interesting from a 
physiological point of view consists in its rapid inactivation by 
a specific substance in the blood serum, which can be destroyed by 
boiling or by the addition of alcohol or strong acids. The inactivator 
does not destroy callicrein, but forms an inactive compound with 
it, from which the hormone can be regenerated merely by displacing 
the ph to the acid side. The inactivator probably belongs to the 
polypeptide group; it can be purified so far that 6 y of the best 
preparation inactivates 1 unit of callicrein. It is probable that an 
equilibrium, dependent upon the pht of the serum, exists between 
the inactive compound (callicrein + inactivator) and its two compo¬ 
nents; in this way it appears possible that even small changes in 
the Ph of an organism exert a regulating influence upon the circulation 
by means of the amount of callicrein which is free or combined 
(Frey, Z. angew. Chem. 43, 1120; Frey, Kraut and Werle, Klin. 
Woch. 1932, 846; Frey and Werle, ibid. 1933, 600). 

M. PLANT HORMONES — PHYTOHORMONES: THE AUXINS 

It is of great significance that recent experimental work has shown 
that the plant organism also produces active substances, whose 
functions correspond to those of the animal hormones; that such 
substances exist was postulated fifty years ago from a theoretical 
standpoint by the plant-physiologist Sachs. Growth and growth 
movements, and probably also root and flower formation and dia¬ 
metral growth of plants, take place as a consequence of the presence 
of physiologically active substances which are produced in the 
plants (cf. Analyse der Pflanzenhormone in Klein*^ Handbuch der 
Pflanzenanalyse, Berlin 1933, p. 1005). 

Only one group of plant hormones has been investigated in detail 
by chemical methods; this is the group of the auxins, which are 
discussed below. 

Physiology. — New plant cells are formed by division at the 
growing tips; this cell-division causes but a slight increase in volume, 
which is a consequence of the process of cell-extension. The latter 
occurs under the influence of the auxins, as has been shown by 
observations on the growth of grass seedlings. If an oat seedling 
is decapitated, its growth ceases; if the tip is replaced, the growth 
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begins afresh, but not if a piece of tinfoil is placed between the 
two pieces of the plant. The growth effect can also be observed 
with the tips of the seedlings of other plants and species, but 
cylindrical pieces cut from the base of the seedling produce no growth. 
The effect observed is due to the growth hormone auxin, which is 
produced in the growing tip and transported downwards. If the 
tip is attached to the side of the seedling, the shoot grows in a curve, 
since one side obtains more growth substance than the other. Light 
and gravity influence the direction of flow of the growth hormone; 
it becomes more concentrated on the shady side and also on the 
side towards the earth, and this distribution of the growth substance 
is the cause of the phenomena of phototropism and geotropism. 
Auxin can be extracted from the tips of oat-seedlings by placing 
them upon 3% agar-agar; the growth hormone diffuses into the 
agar plates, which are now capable of causing the growth of 
decapitated oat-seedlings (Boysen-JenseUy Foal, Went), 

Test for auxin. — An agar plate containing auxin placed laterally 
on a decapitated oat-seedling causes a bending of the seedling 
proportional to the quantity of hormone present. One unit of auxin 
causes the decapitated seedling to bend through 10 ®. 

Isolation. — The chemical investigation of the auxins is due to 
Kogl (Kdgly N. 21, 17; Kdgly Haagen-Smit and Erxleben, Z. physiol. 
Chem. 214, 241; 216, 31; 220, 137; Kdgly Haagen-Smit and Tonnis, 
ibid. 162; Kogl, Z. angew. Chem. 46, 469; 47, 359). Male urine, 
maize-germ ofl, malt and yeast were used as sources for the pre¬ 
paration of the active pure substance; in the isolation advantage 
was taken of the solubilities and of the fact, which was soon re¬ 
cognized, that the auxins are acids. So far, four auxins have been 
i solated in the pure state: 

(1) Auxin a, C 18 H 32 O 5 , m.p. 196®, from urine, maize-germ oil and 
malt; contains 50 thousand million units per gram. 

(2) Auxin b, C 18 H 30 O 4 , m.p. 18.3®, from maize-germ oil and malt; 
it has the same activity as auxin a. 

(3) Auxin-lactone, Ci 8 H 3 y 04 , m.p. 173®, from urine; it has the 
same activity as a and b. 

(4) Heteroauxin, identical with ^-indolyl-acetic acid (vol. IV), 
from urine and yeast; its activity is only 25% of that of auxin a. 

The constitution of auxins a and b. Auxin a is an unsaturated 
monocyclic trihydroxy-carboxylic acid and contains one double 
bond; auxin b is an unsaturated monocyclic hydroxy-keto-carboxylic 
acid and also contains one double bond; the constitutions of the two 
substances are as follows: 

Auxin a: C.aHjg—CH(OH)—CHa—CH(OH)—CH(OH)—COOH 

Auxin b: C 13 H 23 —CH(OH)—CH^—CO—CH^—COOH . 

The auxin-lactone is probably the ^-lactone of auxin a. 

The most probable constitutional formula for auxin b, 

EtMeCH—HC<" ^CH—CHMeEt 

CH - C—CHOH—CHa—CO—CHa—COOH 

has been deduced from the following experimental results: dihydro¬ 
auxin a, m.p. 199®, is oxidised by CrOg in acetic acid to an optically 
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active neutral compound, a cyclic ketone, C 5 i 3 B^O; it corresponds 
to a dicarboxylic acid, C 10 H 24 O 4 , m.p. 129®, which is obtained from 
the unsaturat^ auxins \rahTOInOi, and must be regarded as a 
substituted glutaric acid from its behaviour in the Blanc reaction. 

EtMeCH—HC<^ CHMeEt 

CO 

Cyclic ketone C^gHa^O 


CH. 


/\ 


EtMeCH—CH CH—CHMeEt 


HOoi ioOH 

Dicarboxylic acid CigHg^O*. 

Kogl and Erxleben (Z. physiol. Chem. 227, 51), although they 
had only 90 mg. of this acid, succeeded in proving its constitution 
by dibrominating it and hydrolysing to a dihydroxy-acid; the 
methyl ester of this was treated with MeMgl, and oxidation of the 
resulting glycol gave a diketone, which from its behaviour must 
be a 1: 8 -diketone. Alkali fission gave a-methyl but 3 n*ic acid and 
3-methyl-pentanone-2, so that the dibasic acid must be symmetrical 
and have the formula shown above. This degradation shows the 
presence of the characteristic isoprene branched chains in auxin. 
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Abies stbiriea 278 
Abietene 350 

Abietic acid 262, 337, 849 
Abietin 350 
Absinthe oil 242 

Abutic acid 607 I 

Acacetin 443 j 

Acacia catechu 403, 451 

— ginnola 392 

— glaucescens 366 
Acacia, false 443, 446 
Acaciin 443 

Acenaphthene-per-(deca-)hydride 177 
Acer ginnola 392 
Acertannin 392 
Acetamino-cyclohexane 106 
-nopinone 267 

Acetone oil, heavy 67, 109, 110, 114, 

116, 122 i 

Acetonyl-terpinolene 126 ! 

Acetovanillone 356 i 

Acetoxy>campholide 310 

-camphor 278 

-quinone 278 

-cholanic acid 646 

-epicamphor 294 

Acetyl-amino-nopinone 267 

-artemisin 491 

-bufotalien 646 

—^.-camphene 264 

-camphor 299 

- -choladienic lactone 546 

-cyclobutane 35, 88 

-cyclohexane 124 

-carboxylic acid 124, 188 

-trione 126 

-cyclohexanone 124 

-carboxylic eater 20, 124, 187 

-cyclohexene 94, 124, 126, 137, 171 

-cyclo-octane 77 

— -cyclopentane 60, 62 

-acetic acid 69 

-cyclopentanone 61 

-cyclopentene 60, 134 

-cyclopropane 24, 25 

-carboxylic ester 28 

-digitoxin 628 

-digoxin 628 

-dimethyl-cyclohexene 171 

— -dipentene 326 


Acetyl-fenchylamine 281 

-gitoxin 628 

—hexahydro-cresol 221 

-isopropyl-cyclopentene 61 

-mangostin 453 

-^methyl-cydohexane 124 

-carboxylic acid 130 

-cyclohexanol 224 

-cyclohexene 126, 171 

-cyclopentane acetic acid 168 

--cyclopentanone 61 

-oleanolic acid 617 

-solanidin(t)-glucoside 378 

-terpinolene 326 

-trimethyl-cyclopentene 313 

—tubaic acid 604 
Acourtia formosa 422 
Acromegaly 479, 698 
Aetina equina 414, footnote 4 
Actinio-erythrin 414 ib. 

Adamon 278 
Adenosine 376 

— triphosphoric acid 374 
Adenylic acid 374 
Adonis vemalis 422 
Adrenal cortex 562, 579, 681 

— gland 679 
Adrenalin 679, 600 
Adrenotropic hormone 679, 600 
Adronol 99 

Aescigenin 619 
Aescin 519 
Aesculetin 368 
Aesculin (glucoside) 368 

— (saponin) 613, 619 
Aesculus hippocastanum 368, 619 
Aetio-allo-bilianic acid 621, 622, 632, 

633 

-cholanic acid 630, 632, 688 

-bihanic acid 626, 667, 

-cholane 179 

-cholanic acid 632 

-poiphyrin 468, 468, 466, 468 

Agaricic acid 381, 478 
Agathalene 888, 360 
Agathic acid 3M 
Agathol 616 
Agnosterol 648, 649 
Ajowan oU 210 

Alantolactone 176, 332, 478, 486 
Albasaponin 614 
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Albaspidin 399 
Aldehydo-apocamphor 291 
Alder«buck^om 429 
Aleotol 390 
AUdoria species 389, 390 I 

Aleotorone 390 ; 

Aleotoronic acid 390 | 

Aleppic acid 349 
Aleppo galls 392 
Aleuiitinic acid 350 

Algae 412 ' 

— brown 413 

— red 467, 466 

AUzarin 407, 428 I 

AVcanna tinctoria 427 
Alkannin 427 | 

AUen-Doisy teat 691 I 

AUo-aetiocholane 179 [ 

-campholytic acid 311 I 

— -cholanic acid 626, 643, 646, 552, 557 | 

Alio esters of camphoric acid 306 I 

Allo-kawain 434 | 

-ocimene 201 , 262 I 

-pregnanolone 695 

AUosan 336 | 

Allo-santemc acid 320 
Allyl-cyclohexane 96 , 

-cyclohexanone 110 j 

-cyclohexene 96 

-isothiocyanate 367 

-phenol 366 , 

Almonds, bitter 365 | 

Aloe 363, 407, 429, 430 ! 

-emodin 364, 429 

-anthranol 363 1 

-arabinoside 363 

Aloin 368, 364 | 

Alpinia officinalis 446 

AUhaea rosea 460 

Althaein chloride 460 

Amanita musearia 426 

Amber 361 

Ambrette-seed oil 323 

Ambrettolide 82 

Amino-anthocyanidin 442 I 

-bergapten 497 j 

-borneol 281 

-camphane 281 j 

— 'Camphene 266 | 

a-Amino-campholene 301 ! 

/?-Amino>campholene 302 I 

Amino-campholic acid 307, 808 I 

-camphonanic acid 311, 812 I 

-lactam 313 | 

3-Ammo-camphor 281, 288, 289, 292 j 
4^Amino-camphor 291, 297 ! 

Amino-cyclobutane 36 | 

-carboxylic acid 36 

-cycloheptane carboxylic acid 74 

— -cycloheptanol 71 


Amino-cycloheptene 71 

-cyclohexane 99, 106 

~ -cyclohexanol 100, 101 

-cyclohexyl-acetic acid 133 

-cyclopentane 48 

-cyclopropane 24 

-decalin 173, 174 

-dihydro-a-campholytic acid 311,813 

- --lauronic acid 311 

- -hexahydro-benzoic acid 130 

-phenyl-acetic acid 133 

-propionic acid 133 

--toluene 97 

-isocamphane 264 

--lauronic acid 311 

-menthone 281, 236 

- -methyl-cyclohexane 106 

— —longifane 334 

- - -nopinone 257 

-pinane 266, 260 

-pinene 266, 260 

-xanthotoxin 498 

Ammi visnaga 368 
Ampelopsidin chloride 461 
Ampelopsin chloride 451 
Ampelopsis quinquefolia 461 
Amphotropin 306 
Amygdahc acid 366 
Amygdalin 362, 366 
Amyl alcohol glucoside 353 

— cyclohexane 88, 89 
Amyranone 338 
Amyrin 338 
Amyrone 338 
Anacardic acid 394 
Anacardium occidentale 394 

— orientale 394 
Anacyclus pyrethrum 406 
Anamirta panniculata 491 
Andira araroba 496 
Andropogon iwarancusa 233, 248 ] 
Androsin 366, 393 
Androstenolone 691 
Androstane 179, 690 
Androsterone 679, 688, 596 
Anemone species 479 
Anemonic acid 479 

Anemonm 34, 44, 478, 479 
Anemoninic acid 479, 481 
Anemonolic acid 479 
Aneurin 571 

Angelica archangelica 498 
Angelica root 600 
Angelicm 497, 498 
Angustione 113 
Angostura bark oil 327 
Anhydro-acetone-benzil 68 

-anemonolic acid 479 

—'-benzil-laevulinic acid 68 
-brasilic acid 466 
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Anhydro-bufotalomc acid 546 

-calotropin 644 

-camphoronic acid 314 

-catechin 403 

-convallatoxigenin 642 

-dehydro-podophyllin 493 

-derritol 607 

-digitoxigenin 532 

-digitoxigenone 531 

-digoxigenin 537 
' -digoxigenone 537 

-dihydro-digitoxigenin 636 

-fenchocarboxylic acid 316 
-gamabufagin 546 

- -gamabufotalin 647 
-geraniol 201 

-isopenplogenic ester 539 

-nodakenetm 501 

-sarmentogenm 537 
-sciUagenin 544 
-scmaridin-A 526, 633, 644 
-strophanthidin 641 
-thevetigenm 530, 6H1 
-uzarigenin 526, 632, 633 
Anilino-cyclopentene 61 

- - -xanthogallol 59 
Annehds 460, 461, 472 
Anone 109 
Anthracene 3, 178 

-per-(tetradeca-)hydride 178 

Anthragallol 428 
Anthropo-desoxycholic acid 550 
Antiarigenm 626, 529, 642 
Antiarin 526, 642 
Antiaris ioxicaria 527, 542 
Anti-beri-beri-vitamm 669 
Anti-neuntic vitamin 569 
Antineurm 669, 571 
Anti-scorbutic vitamm 675 
Anti-stenUty vitamin 668 
Anti-xerophthalmic vitamm 662 
Apigenidin 360 
Apigenin 443 
Apun 443 

Apium petroselinum 443 
Apoborneol 280, 318 
:T-Apoborneol 320 
Apobornylene 270, 276, 280 
Apocamphane 273 

— aldehyde 292 

-2-carboxyhc acid 272, 297 

-ct>-carboxyhc acid 266 

Ji:-Apocamphane-2-carboxylic acid 291 
Apocamphanic acid 319 
Apocamphenilone 320 
Apocampholide 319 
Apocamphononic acid 309 
Apocamphor 272, 273, 280, 818, 819 

— aldehyde 291 

-1-carboxylic acid see Ketopinic acid 

Eichter-Anschtttz ii. 


' TT-Apocamphor 273, 320 
' 7r-Apocamphor-7-carboxylic acid 291 
Apocamphoric acid 69, 270, 272, 319 
. Apocholic acid 282, 650 
Apocyclene 276, 280, 319 
Apocyclocamphanone carboxyhc acid 
288 

Apocynaceae 338 
Apocynum androsaemifolinm 356 
' Apofenchocamphoric acid 272, 273, 276 
Apoisobomeol 271 
:^-Apoisobomeol 320 
Apoisofenchene 273 
Apomuscone 81 
Apopicropodophylhn 493 
: Apopodophyllic acid 493 
Aposantonic acid 488 
Apotoxicarol 510 
, Apotricyclol 319 
, Apoxanthoxyletin 497 
; Apple, waxy coating 619 
Aralia japonica 514 
Aralin 614 
Araucaria oil 331 
Arbutm 352, 356 
' Arbutus uva ursi 355 
Arehangelica off. 499 
, Arctigenm 363, 397 
Arctiin 363, 397 
Arctium Lappa 363, 397 
I Arctostaphylos uva ursi 356, 619 
Artemionic acid 491 
Artemisene 491 
I Artemisia cina 220, 488 
I —maritima 488, 490 
-species 241, 242 
Artemisin 176, 327, 490 
Asbarg 447 
Ascaridic acid 227 
Ascaridole 226 

Aschheun-Zondek reaction 699 
I Ascidia mentula 461 
Ascidian-pigment 456, 461 
. Ascorbic acid 575 
Asebotoside 369 
Ash 358 
Aspen bark 355 
, Aspergillus nigcr 379 
— oryzae 373, 379 
Asperula odorata 357 
i Asphalt 471 
! Aspidm 399 
! Aspidinol 400 
Asparagus 357 
Aspidium filix mas 398, 495 
Assenzio italiano 241 
Assimilatory coefficient 471 
Astacin 137, 409, 413, 419, 420, 421 
Astacus gammarus 413 
Aster, Chinese 449 

39 
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Asterias mbem 414, footnote t 

Asteric acid 414, footnote 4 

Asterin (carotenoid) carboxylic acid 420 

— - (anthocyanin) chloride 449 
Atlantone 326 

Atractylic acid 368 
Atractyligenin 368 
Atractylis gnmmifera 368 
Atranol 384, 385, 387, 388 

— » carboxylic acid 381, 385 
Atranorin 384 

Atraric acid 384 
Airiplex hortensis 448 
Atrocarpus integrifolia 446 
Atromentic acid lactone 424 
Atromentin 424 
Auwers-Skita rule 83, 171 
Auxin 579, 604 

- lactone 605 
Avena saiiva 356 
Avenein 356 
Avitaminoses 561 
Azafranillo root 413 

Azafrin 137, 409, 418, 415, 419, 421 

Azafrinone 415 

—- amide 415 

Azelaol 76 

Azelaone 76 

Azocamphenone 289 

Azoiohacter chroococcum 473 

Azulene 325, 880, 336 

Bacillus chlororaphis 474 

- prodigiosus 465 
™ pyocyamus 473 
Baekhousia angustifolia 113 
Bacteria fats 354 

— nucleic acid of nitrogen-fixing b. 373 
Bacterio-purpurm 414, footnote 4 

-rubin 414 ib. 

Bacterium fluorescens 370 

— halohium 414, footnote i 
Baeyer’s Strain Theory 7, 85 
Baicalein 444 

Baicalin 444 
Balata 347 
Balbiano's acid 305 
Baptigenin 362 
BaptUia tindoria 362 
Baptism 362 
Barbaloin 364 
Barbatinic acid 384, 385 
Barbatol 385 

— carboxylic acid 381, 885 
BarbatoUc acid 381, 885 
Barlow’s disease 575 
Barosma betnlina 236 

— vennsla 200 

— species 444 
Barosmin 361, 444 


; Bayberry oil 200 
I Beans, unripe 103 
Bearberry leaves 355 
Beech wood 433, 449 
Beetroot 448 
I Benzaldehyde 365 

— cyanhydrin 365 

1 Benzamino-cycloheptane 176 
Benzene hexabromide 92 
' —^ hexachlpride 92 
Benzo-cycloheptane 176 

--dienone 177 

-cycloheptanone 176 

' - -cycloheptene 176 
' Benzoleinic acid 131 
, Benzoin gum 518 

Benzo-norcaradiene-carboxylic acid 166 
Benzoxyl-phenylcyclopropane-carboxy- 
lic acid 28, 41, 43 
Benzoyl-camphene 264 

-camphor 299 

—cyclobutane 38 
-cyclopentanone 62 
-cyclopropane >25 
- - -carboxylic acid 25, 29 
-phenyl-cyclopentene 61 

-cyclopropane-carboxylic acid 29 

-dicar boxylic acid 30 

-qumic acid lactone 136 
-sahcin 355 

--ursolic methyl ester 519 

Benzyl-bomeol 300 

3- Benzyl-camphor 299 

4- Benzyl-camphor 300 

' Benzyl-cyclohexanol 95 

-cyclohexene 95 

-cyclopentanol 52 

—isothiocyanate 367 
i -menthone 231 

Benzylidene-camphohc acid 285, 299, 
303 

--camphor 299 

-eucarvone 249 

-isothujone 244 

-menthone 231 

— -pulegone 236 
-thujone 248, 245 

i Bergamot oil 202, 208, 209, 324, 497 
; —sweet 391, 449 
Bergapten 478, 497, 498, 499, 502 
Bergaptenic acid 497 
Bergaptol 497, 498, 502 
I Bergenin 359 
1 Beri-beri 561, 569 

I Bertram-Walbaum rearrangement 266, 
! 267, 286, 296, 297, 318 

! Beta vulgaris 448 
j Betanin 442 
' —chloride 448 
i Betula alba 336 



INDEX 


611 


Betnla lenta 356 

- species 443 
Betulin 338 
Betulol 336 
Bhilawanol 394 
Bicyclo-[4,2,2-]decaiie 182 
-[0,3,6]-decenone 170 

-[0,l,4]-heptadiene-carboxylic acid 165 

~ -[l,2,2]-heptane 180, 182, 184, 186 

-[l,l,3]-heptane 180 

-carbmol 185 

- -carboxylic acid 185 
-10,l,3]-hexane 53, 60, 164, 240 

-[0,2,2]-hexane 166 

-[l,l,2]-hexane 180 
-isoprene-myrcene 326, 328 

- -[0,3,4]-nonane 168 

- -[l,3,3]-nonane 181, 105 
—dione 195 

-tetracarboxylic ester 194 

- -[3,2,2]-nonane 182 

- -[0,l,6]-octane 166 

-[0,3,3]-octane 167 

-[l,2,3]-octane 181 

- --[2,2,2]-octane 180, 182, 102 

- -[0,3,3J-octane-dione 168 
-carboxylic acid 168 

- dicarboxylic ester 168 

- -[0,3,3]-octanone 162, 167, 168 
-carboxylic acid 168 

-dicarboxylic acid 187 
-[l,2,3]-octanone 145, 104, 328 

- -[2,2,2]-octanone 192 

- -[0,l,6]-octene 166 
-[2,2,2]-octenyl-aldeliyde 192 

—pentadiene 182 
Bigitalin Hoe Gitoxin 
Bilberry 135 

Bile acids 549, 551, 553, 560 

- pigments 456, 4^, 466, 467 
Bilicyanin 467 

Bilirubic acids 464, 466 
BiUrubm 456, 463, 466 
Birch bark 338 

- buds 443 

- bud oil 336 
Bisabol myrrh 324 
Bisabolene 174, 324, 325, 326 
Bisabolol 323, 324 
Bis-butadiene-quinone 178 

- -camphanone-azine 289 

-cyclopentadiene-carboxylic acid 60, 

63 

-hydrindone-spirane 155, 160 

-(diphenyl-hydroxymethyl)-cyclo- 

hexane 91, 121 

-dimethyl ether 91 

Bismocymol 294 
Bis-nitrosocarone 249 
Bitumen 471 


Bixa oreUana 413 

Bixin 409, 413, 419, 420, 421 

— dialdehyde 415 
Blenal 336 

Blood pigment 457, 463 
Blumea batsamifera 277 
— Malcobnii 232, 235 
Boletol 428 
Boletus badius 428 

— luridus 428 
I — satanas 428 

Bombyx mori 467 
Borneo camphor see Bomeol 
Bomeol 219, 252, 263, 276, 277, 282, 
283, 285, 286, 288, 303, 304 
TT-Bomeol 291 
, o>-Bomeol 292 

j —carboxylic acid 293, 296, 299 
! Bomeol-acetic acid lactone 298 
I Bornyl acetate 278, 289 
' — amme 281, 287 
I bromide 274 
1 - - brom-iso valerianate 278 
I chloride 252, 256, 266, 273, 270, 274, 
I 286, 290, 294, 297 
I dibrom-emnamate 278 
iodide 270, 274 

— isovalerianate 278 

- isovalerylglycolate 278 
magnesium chloride 278, 280, 281 
I - methyl xanthate 270 
salicylate 278 
Bornylane 273 

: Bomylene 270, 274, 278, 304 
j ' carbinol 299 
j -2-carboxyhc acid 293, 207 

-3-carboxyhc acid 270, 293, 206 
-hydroxamic acid 293 
I —^methyl ketone 297 
I Bornylenol 279 
i Bomyval 278 
Boronia megastigma 126 
Boswellia Carterii 260 
I —serrata 241 

> Boswellinic acid 350, 513, 610 
Bram 103, 376 
Brasane 455 
Brasilem 454 
Brasileinol 454 
Brasilic acid 452 
Brasilin 452 
Brasihnic acid 452 
Brassica napus 367 
i Brauneria angustifolia 353 
I Brazilian wood 454 
I Bredt's rule 183, 270, 309 
Brimstone butterfly 476 
Broad bean 473 

Bromo-apocamphane-hydroximio acid 
265 
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Bromo-bomeol 274 { 

-buchu camphor 237 I 

-campbane carboxylic acid 296 

— -camphene 264, 269 

-camphenilanic acid 274 

-campholanic acid 303 

-campholic acid 303, 310, 314 I 

-campholide 316 j 

-camphonanic acid 311, 312 ! 

3-Bromo-camphor 287, 288, 294 
5-Bromo-camphor 287 
7i-Bromo-camphor 287, 291 
co-Bromo-camphor 264, 274, 302, 309 
Bromo-camphor carboxylic esters 294 
3-Bromo-camphor sulphonic acid 288 
co-Bromo-camphor sulphuric acid 287 

3- Bromo-camphoric anhydride 307, 309 

4- Bromo-camphoric acid 309 

5- Bromo-camphoric acid 284, 306 
jr-Bromo-camphoric acid 309 
o)-Bromo-camphoric acid 309, 264 
Bromo-carmine 430, 432 

-chloro-epicamphor 294 

-coccin 430 

-cyclobutene 36 

-cycloheptane acetic acid 74 

- — carboxylic acid 73, 74 

-cyclohexane 91, 94, 99, 144 

-carboxyhc acid 180, 131 

- -cyclohexanol 100 I 

-cyclohexanone 109, 114 

-carboxylic acid 139 ! 

-cyclopentane 48 I 

-cyclopentyl-raethyl bromide 164 

-cyclopropane 24 

— ' - dicarboxylic acid 30 
-dihydroresorcinol 112 

-epicamphor 288, 293, 294, 297 i 

-carboxylic acid 297 

—fenchone 316, 317 

-formylcamphor 299 

-hederagenin lactone 614 ! 

-hexahydro-benzoic acid 130, 131 ' 

-toluic acid 130 i 

-—hydrobornylene carboxylic acid 296 ; 

-isocamphoronic acid 316 

-isofenchone 318 j 

-keto-camphane see Bromo-(epi-)- ; 

camphor ' 

-laccain 431 

-methyl-cyclohexanone 226 

—nitro-camphane 266, 287 

-camphor 288 

-pinic acid 263 

-santenic acid 320 

-suberane acetic acid 74 

-carboxylic acid 78, 74 

-triacetyl-solanidin(s)-rhamnoside 

378 

Broom 473 


Buchu camphor 231, 234, 287, 239, 289 

— leaves 237 
Buckthorn 412, 430 
Bufagenin 646 
Bufagin 646 

Bttfo species 646, 646, 647, 669 

Bufo-deoxycholic acid 660 

Bufotalan 646 

Bufotalidin 646 

Bufotalien 646 

Bufotalin 646 

Bufotalinin 646 

Bufotalone 546 

Bufotoxin 546, 546 

Bulbus sctllae 370 

Bulnesol 336 

Buna 346 

Burdock seeds 363, 397 
Burma lac 394 
Busycon species 461 
Butadiene-quinone adduct 176 

-cyclohexadiene adduct 193 

-rubber 346 

Butea frondosa 436 
Butein 436 
Butm 436 

Butyl-cyclohexane 89 

— -cyclopentane 47 
—cyclopentanol 52 
Butyrofilicinic acid 399 
Butyryl-camphor 299 

-cyclohexene 94 

-fenchylamine 281 

Cabbage white 476 

Oadalene 324, 326, 827, 332, 336 

Cade oil 327 

Cadechol 282, 650 

Cadmene 174, 324, 827, 329, 332 

Cadinol 327 

Caesalpinia brasiliensis 464 

— species 393 
Caffoyl-qumic acid 136 
Cajuput oil 220 
Calaic acid 431 
Calciferol 666 
Calendula officinalis 412 
Calhcrem 679, 603 
Callistephin chloride 449 
Callistephus chinensis 449 
Calopanax ricinifolius 614 
Calosaponin 614 
Calotropagemn 544 
Calotropin 644 
Calotropis procera 644 
Camazulene 330 
Camellia faponica 619 

— sapogemn 619 

~ saponin 613, 519 
Camomile oil 330 
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Campeachy wood 466 
Camphane 239, 278, 274, 276, 287, 288 
293 

' carbinol 297 
-carboxylic acid 297 
diamine 281 

- sulphinic acid 280 

Camphanic acid 283, 809, 311, 313, 314 
Camphelamine 304 
Camphelyl isocyanate 304 
Camphene 33, 208, 262, 266, 208, 268, 
270, 274-281, 286, 286, 288, 300, 
319 

amine 281 

- camphoric acid sec Camphenic acid 
carboxylic acid 267, 297 

glycol 267, 268 

- hydrate 263, 266, 269, 274, 276, 279 

- mesocarboxylic acid 296 
hydrobromide mesocarboxylic acid 
296 

hydrochloride 266, 274, 281 
mesocarboxylic acid 296 
Camphenene 265, 270 
Camphenic acid 263, 268, 269, 298, 316 
Camphenilane 275 
Camphenilanic acid 267, 268 
aldehyde 264, 267 

Camphenilol 267, 270, 271, 280, 319 
Camphenilone 116, 264, 268, 270, 276, 
279, 280, 281, 285, 303, 315, 317, 
318, 310 

carboxylic acid 260, 298, 316 
pinacol 280 

Camphenilyl amme 281 
chloride 276, 280, 319 
methyl xanthate 275, 280 
Camphenolic acid 298 
Camphenone 265 
Camphenonic acid 260, 298, 316 
Camphenyhdene acetaldehyde 266 

- acetic acid 266 
Camphidine 307 
Camphidone 307, 308 
Camphocarboxylic acid see Camphor 

carboxylic acid 
Camphoceane ring 47, 301 
Camphoceenic acid 303, 319 
Camphocol 282 
Camphogen 282 
Campholactone 311 
Camphol alcohol 304 

- amme 304 

Campholanic acid 301, 303, 304 
Campholene 302 

a-Campholenic acid 254, 284, 288, 301, 
303, 315, 319 

— aldehyde 253, 801 

— nitrile 284 

j3-Campholenic acid 285, 301, 302, 303 


I Campholenyl ketone 301 
\ Campholic acid 298, 301, 303, 310, 314, 

I 317 

j a-Camphohde 284, 302, 307, 810, 314 
. /^-Campholide 310 
Campholonic acid 289, 301 
a-Campholytic acid 811, 313 
' aHo-Campholytic acid 311, 312 
' j?-Campholytic acid 285, 811, 313 
{ Camphomethylamme 295 
! Camphonenic acid 309, 311, 312, 314 
; Camphonolic acid 311, 312 

— lactone 311 

Camphononic acid 300, 311, 312 
' Camphopyric acid 319 
i Camphor 47, 181, 182, 186, 220, 234, 
i 263, 265, 274, 275, 277, 278, 279, 

, 281, 282, 290, 293, 303, 310, 317, 

I 318, 320, 484, 550 

! ^-Camphor see Epicamphor 
m-Camphor 292 
' Camphor anil 287 
■ — “artificial” 274 

I Camphor-3-carboxylic acid 288, 289, 
i 293, 294, 297 

j -4-car boxy lie acid 292, 297, 300 

I constitution 283 

dichloride 274, 288, 300 
I diethyl acetal 286 

1 enol ethyl ether 286 

hydrazone 287 
I imine 287, 303 

I isoqumone 289 

j magnesium hahde 287, 294, 298-300 

I nitrimine 61, 287 

I oil 206, 209, 224, 324, 336 

false 229, 260 
oxahe acid 298 
oxune 287, 301, 302 
, phenylhydrazone 287 

I phenylsemicarbazone 287 

- phorone 47, 56, 236, 305 

pinacol 278 

quinone 281, 289, 290, 292, 293, 301, 
i 304, 310 

semiearbazone 287 
solution “Hochst” 282 
Ringer’s 282 
sulphonic acid 288 

- synthesis (commercial) 267, 278, 279, 

I 286 

I -(labor.) 263, 284, 285, 314 

! —tree 282 
Camphoral 306, 336 
: Camphoranic acid 284, 314 
I Camphorene 200, 202, 336 
i Camphoric acid 47, 63, 68, 90, 164, 263, 
268, 270, 283-286, 296, 299, 301, 

I 303, 304, 308, 311, 312, 314, 318 
I — anhydride 308 
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Camphoric diamide 307 | 

— dichloride 306, 314 

— dinitrile 308 j 

— esters 306 j 

— hydroximic acid anhydride 307 i 

— imide 307 i 

— iso-imide 308 

— methyl'imide 307 ! 

-isoimide 307 

— phenetidide 307 1 

— semi-aldehyde 289, 310 
-amide 307 

-esters 306 1 

— - -nitrile 289, 808 | 

Camphormethylene-carboxyhc acid 298 
Cumphorol 291 

Camphorone 47, 56, 236, 305 
Camphoronic acid 283, 303, 305, 309, 
311, 314 

Camphorsol 282 | 

Camphoryl-acetic acid 298 i 

-cyclopentane-acetic acid 167, 168 j 

-propionic acid 168 

-carbamide 292 

-carbinol 299 i 

-dimethyl-carbinol 300 

-diphenyl-carbinol 300 

-glycine ester 292 ' 

—glyoxylic acid 298 
Oamphorylidene-acetic acid 298, 299 
Camphoryl-isothiocyanate 292 

-malonic ester 314 

-methyl bromide 299 

-carbinol 299 

Camphosan 306, 336 
Camphostyl 309 
a-Oamphyl-amine 301 
/?-Camphyl-amine 302 
Camphyl-glycol 299 

-methyl-ketone 297 i 

Camphylic acids 812, 313 I 

Canary feathers 413 i 

— xanthophyll 413 | 

Candelaria concohr 440 | 

Cannabinol 478, 511 I 

Cannabinolactone 611 ! 

Cannabinolactonic acid 492, 511 ' 

Cannabis indiea 611 

Cantharene 97, 486 j 

Cantharenol 97, 116 

Cantharidide 4^ j 

Cantharidin 478, 485 I 

Oantharidinic acid 486 < 

Caoutchouc »ee Rubber 
Caperatic acid 381 
Capraric acid 388 
Capsaicin 404, 405 
Capsanthin 137, 409, 418, 417 
Capsieum annuam 405, 412, 413, 676 
Carane 239, 248 


Caraway oil 208, 226, 234, 237 
Carbo-camphenilonone 269, 321 
-fenchonone 321 

Carboxy-apocamphoric acid 269, 298, 
319 

—camphoceane-propionic acid 321 
--cyclohexane-acetic acid 144, 145 
-acrylic acid 140 

- - -butyric acid 144 
-propionic acid 144, 168 

- -corniculanc lactone 439 

-dimethyl-cyclopropyl-propionic 

acid 82, 248 
--haemoglobin 469 

— -methyl-cyclohexane acetic acid 144 
- -phenyl-cyclopropane dicarboxyhc 

acid 166 

Carcinomic tissue 373 
Cardamom oil 210, 224, 240 
Cardiazole 109 
^-Carene 247 

J*-Carene 165, 209, 213, 246, 249 

— oxide 247 
xd^-Carene 165, 213, 247 
Carenone 249 

Carica Papaya 412 
Carlina gummifera 368 
Carlinic acid 368 
Oarminazarin 433 
Carminazarm quinone 433 
Carmme 407 
Carminic acid 431 
Carnine 376 
Carol 248 

Carone 74, 166, 234, 248, 301 
Caronic acid 26, 81, 247, 248, 266, 484 
Carotene (general) 408, 417, 420, 421, 
549, 661 

a-Carotene 153, 412, 415, 418, 663 
)8-Carotene 163, 411, 412, 414, 415, 
418, 421, 663 

y-Carotene 96, 412, 418, 563 
d-Carotene 413, footiu)te i 
/^-Carotene oxide 414, 421 
jS-Carotenone 411, 416 
Carr-Price reaction 649, 663 
Carrot 412 
Carthamidin 437 
Carthamin 436 
Carthamns tinctorius 436 
Carum Ajowan 210 

— copticum 210 
Carvene Hee Limonene 
Carvenene see a-Terpinene 
Carvenol 224 
Carvenolide 238 

Carvenone 61, 210, 218, 222, 224, 228, 
284, 237, 242, 244, 248, 274, 283, 301 
Carvenylamine 210, 228 
Carveol 208, 227, 232, 238 
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‘‘Carveol”, see Carvenone 
Oarvestrene 132, 207, 213, 214, 248 
Carveterpin 214 
Carvol see Carvone 

Carvomenthene 96, 208, 211, 214, 216, 
228, 234 

Carvomenthol 212, 214, 216, 218, 227, 
232, 238 see also Tetrahydrocarveol 
Carvomenthone 212, 218, 228, 282, 236, 
238 see also Tetrahydrocarvone 
CarvomenthylaiDine 218, 228 
Carvone 73, 195, 208, 215, 223, 226, 
227, 228, 232, 233, 234, 236, 287, 
249, 253, 260, 261, 325 

- - camphor 238 

hydrate 221, 288, 253 
- oxide 238 
Carvopinone 261 
Oarvotanacetol 236 

Carvotanacetone 165, 212, 214, 218, 
284, 238, 244 

Carvoxime 162, 208, 209, 234, 289 

Carvylamine 229 

Carylamine 214, 248 

CaryophyUene 185, 327, 829, 889, 335 

Caryophyllenic acid 329 

Caryophyllin 514 

Cascarol 364 

Cassia an^ustifolia 446 

Castanea vesca 393 

Castilloa elastica 136, 338 

Catalase 407, 456, 469, 499 

Catechu 403 

Cayenne pepper 406 

Cedar oil. Atlas 125, 326 

- - Himalaya 126 

- Japanese 328 
— Port Orford 261 
root oil 331 
wood oil 336 
Cedrene 888, 336 

- -camphoric acid 334 

- -dicarboxyhc acid 334 
--ketonic acid 334 

Cedrenol 336 
Cedrol 334, 886 
Cedrone 334 
Celery oil 136, 140, 328 
Centaurea eyanus 449 
Ceramimn species 466 
Cerasic acid 377 
Cerasine 377 
Cerasus lusitanica 366 
Cerebron 352, 876 

-sulphuric acid 376 

Cerebronic acid 376 
Cerebronyl-sphingosine 377 
Cerebrum 103, 376 
Cetraria collata 390 

- islandica 380, 388 


I Cetraria vulpina 438 
I Cetraric acid 388 
j Cetyl alcohol glucoside 353 
I Chamaecyparis obtusa 50 
I Chamaerops humilis 103 
' Chamene 60 
I CVan su 647 
{ Chauhnoogra oil 66, 481 
, Chaulmoogric acid 47, 65, 478, 481 
I Chaulmoogryl-acetic acid 67 
Chavicic acid 406 
Chavicine 406 
Chay root 407, 428 
Chebuhc acid 392 
Chetranihus Cheiri 367 
Cheirolin 367 
Chellah 358 

CheUol-glucoside 352, 858 
Cheno-deoxycholic acid 560 
; Chenopodium oil 226 
' Cherries 449 
Cherry birch 366 
— kernels 366 
Cherry laurel leaves 366 

-Portuguese 356 

I Chestnut wood 393 
I Chicory 368 
China nova 617 
, Chinovic acid 617 
I Chinovin 617 
I Chita 426 
Chitin 352, 868 
Chito-dextrin 368 

-pyrrole 369 

Chloro-apocamphoric acid 319 

I-benzene hexachloride 92 

-camphane see Bomyl chloride, Iso- 

bornyl chloride, Camphene and Pi- 
nene hydrochlorides 

-2-carboxyhc acid 297 

, — - -3-carboxylic acid 296 

' 1-Chloro-camphene 265, 267, 300 
4-Chloro-camphene 266, 267 
Chloro-camphene amine 281 
—campholic acid 314 
( — — chloride 310 
3-Chloro-camphor 287 

1-carboxylic ester 294 

I 4-Chloro-camphor 300 
Chloro-camphoric anhydride 309 

-- chloride 306 

-imide 308 

—carvenene 210, 284 

-cruorin 466, 461 

-cyclogeranioladiene-carboxyhc acid 

206 

-cycloheptane-carboxylic acid 74 

-cyclohexane 91, 94 

-cyclohexanol 100 

-cyclohexanone 109, 110, 111, 114 
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Chloro-cyclohexene 92, 115 | 

-cyclohexenol 100 

— -cyclopentane 62 | 

-dione 69 i 

-cyclopentanone 56 

-cyclopentene 61 

-cyclopentanone 65 

-cyclopropane 24 

-carboxylic acid 26 l 

—-epicamphor 288, 293, 294 | 

Chlorogenic acid 136, 391 , 

Chloro-hexahydro-acetophenone 94 
' --hydrobornylene carboxylic acid 296 j 

-hydroxycyclopentene carboxylic 

acid 67 

-isoborneol 300 
~ -isobornyl acetate 266 
-bromide 300 

-isopropyl-cyclohexenone 101 ! 

—methyl-cyclohexanone 110 
Chloromethylene-camphor 299 
Chloro-methyl-raenthyl ether 217 I 

-nitro-camphor 287, 288 

— “-octanaphthene” 166 

-^phellandrene 212, 236 

ChlorophyU 407, 467, 460, 466, 467 

— aetioporphms 468 
Chlorophyllide 467 
Chlorophyllin 467 
Chloro-porphyrin 470 
Chloro-prene 347 

--rubber 347 

-raphin 407, 474 

-resorcitol 102 

-xanthogallol 59 

Gholane skeleton 613 
Cholanic acid 621, 660, 566, 667 
Cholestane 667 
Cholestanol 661, 664, 560 
Gholestanone 5^, 657 
Gholestenone 658 

Gholesterol 612, 533, 548, 653, 564, 
558, 666, 696 

Ghohc acid 660, 662, 559, 696 
Gholic acid principle 649 
Ghondroitin 370 

-sulphuric acid 369 | 

Ghondrosamin 370 i 

Chondrosia reniformis 370 ' 

Ghondrosin 369, 370 
Ghondro-sulphatase 370 ! 

Ghromaffm tissue 679, 680 
Ghromatopsia 488 

Chromobaeterinm violaceum 475 , 

Chrysanthemic acid 26, 68 , 

Ghrysanthemin chloride 449 i 

Chrysanthemum einerariifolium 68, 482 

— indicam 449 

Ghrysanthemum-carboxylic acid 26,483, 
484 


Ghrysanthemum-dicarboxylic acid 38, 
483, 484 

— flowers 33 
Ghrysin 443 

Ghrysophanic acid 364, 429, 496 
Ghrysophanol-anthranol 364 
Gichoriin 358 
Ciehorium intybus 358 
Ginchona bark 136 
Ginene 209 
Ginenic acid 221 
Gineole-1,4 221 

Gineole-1,8 180, 209, 210, 219, 220, 221 
Gineohc acid-(l,4) 221 

-(1,8) 220, 221, 227 

Cinnamomum camphor a 282 
Gino-bufagin 646, 547 

-bufagone 547 

-bufotoxm 546, 547 

Girculatory hormone 579, 603 

Cisetes maxillosa 486 

Gitral 117, 201, 202, 204, 205 

Gitrene 208 

Gitrinin 423 

Cyiromyces species 452 

Gitromycetin 452 

Gitromycin 462 

Gitronella oil 201, 203, 324 

Gitronellal 201, 203, 206, 221, 225, 236 

Gitronellol 201, 203, 226, 232 

Gitronellic acid 206, 232, 308 

Gitronetin 360 

Gitronin 360 

Citrus aurantium 208 

— bergamia 497 

— decumana 360 
limetta 323, 324 

— limonnm 208 
Citrus species 208 
Gitryl-naphthocinchonic acid 206 
Gitrylidene-acetic acid 206 

-acetoacetic ester 206 
-aniline 206 

— -bisacetoacetic ester 117 
-cyanacetic acid 205 

— -malonic acid 146 
Givet 80 

— cat 78 
Givetane 80 
Givetol 80 
Givetone 80 
Cladonia species 389 
Claviceps purpurea 363 
Glavicepsin 363 

Glove blossoms-bud oil 329 
Glove oil 329 
Glovene 336 
Glovenic acid 336 
Gloves 614 
Glupein 370 
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Cluytia similis 364 
Cnidium lactone 484 
Cnidium officinaU 140, 484 
Coal-tar, low-temperature 88, 02 
Cocaic acid 41, 42 

Coccinin 432 | 

Cocculus berries 491 i 

Coccus laccae 431 I 

Cochineal 407, 431 j 

Cochinillic acid 430 I 

Cochlearia armorica 367 i 

Cockchafer wings 368 ; 

Cocoa beans 403, 447 
— red 447 

Cocos species 104 i 

Cocositol 104 
Cod liver oil 565 
Coffee beans 135 
— tannin 391 
Cola nut 403 
Collatollic acid 390 
Collatolone 390 

Colophanic (colophonic) acids 349 
Colophony 88, 250, 348 
Coltsfoot 413 
Comb test 589 

Conchoporphyrm 456, 461, 468 
Comdendrm 397 
Coniferin 352, 356, 857 
Coniferyl alcohol 357 ' 

Contra-insulin hormone 600 
Convallaria mafalts 412, 527, 542 
Convallatoxigenm 526, 529, 542 
Convallatoxin 526, 542 
Convicine 375 ; 

Convolvuhnic acid 354, 478 
Convolvulinolic acid 364, 478 
Convolvulus resin 354 

- species 353, 478 
Copaene 165, 332 

- dicarboxylic acid 332 
Copaiba oil 329, 332 
Copal 350 
Copro-bilirubin 466 

- -nigrin 457, 465 ; 

- - -porphyrin 456, 461, 462, 466 ; 

' -stane-dicarboxyhc acid 664 

--sterol 648, 653, 664, 567, 696, 697 ' 

Coralene 414 footnote 4 ' 

Coriander oil 202, 210 
Corn flower 449 

— poppy 449 
Comicularic acid 439 
Coriandrol 202 

Corpus Ittteum 412, 475, 591 

Cortex Rhammi purshianae 364 

Corticosterone 679, 682 i 

Cortin 581 

Coryfin 217 

Coto bark 407, 451 


Cotoin 451 
Cotton flowers 448 

— seed oil 569 
Couch grass 366 
Coumaric acid 367 
Cowberry 392, 449 
Cowslip 366 

Crab shells 368 
Cracca species 509, 510 
Cranberries 450 
Crayfish eggs 413 
Crithmum maritimum 210 
Crocetane 417 

Crocetm 365, 409, 413, 419, 420 
Crocin 355 
Croconic acid 60 

— — hydride 60 
Crocus officinalis 484 

— saiivus 124, 413, 420 

— species 354 
Croton ttglium 375 
Crotonoside 375 
Cruciferae species 367 
Crustaceae shells 368 
Cryptal 229 

Crypto- see also Krypto- 
Cryptomerene 337 
Cryptomeria faponica 337 
Crypto-pyrrole 458 
—-xanthin 163, 412, 663, 564 
Cube root 603, 509, 510 
Cubeb oil 221, 327 
Cucurbita species 375 
Cuprea bark 617 
Cupressus sempervirens 336 
-iorculosa 224 
Curcuma aromatica 325 

— lon^a 437 

- viridiflora 437 
Curcuma oil 325, 326 

-root 407 
Curcumene 325 
Curcumin 437 
Cyanidin chloride 449 
Cyanin chloride 352, 449 
Cyano-camphohe acid 314 

-camphor 294, 299, 313 

-carone 249 

-cyclobutane dicarboxyhc acid 43 

-cyclopentanone 69 

- -carboxylic ester 69 

-cyclopropane carboxylic acid 29, 69 

-dihydrocarvone 249 
-imido-dibenzo-cycloheptane 177 

-lauronic acid 308 

-methylene-camphor 299 

-santenone 320 

Cyclamen europaeum 520 
Cyclamen oil 202, 323 
Cyclamin 512, 513, 620 
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Gyolamiretin 520 
Cyclene 274, 275 
Gyclo-balata 347 
Gyolobutane 1, 5, 7, 35 

— aldehyde 36, 37 
-carboxylic acid 36, 37, 38 

— dicarboxy-diacetic acid 44 

— dicarboxylic acid 37, 39, 43 

— diglyoxylic acid 46 

— diol-diacrylic dilactone ‘'oe Ane- 
monin 

— dione 37 

— pentacai boxylic acid 43, 44 

- tetracarboxy-diacetic acid 44 

— tetracarboxylic acid 39, 40, 43 

— • tricarboxylic acid 43 
Gyclobutano-cyclobutane 166 
Gyclobutanol 25, 36 
Gyclobutanone 37 

-spiro-cyclohexene-carboxylic acid 

166 

Gyclobutene 35 

-dicarboxylic acid 39 

Gyclobutyl-amine 36 

-carbinol 37 

-diethylcarbinol 37 

-dimethylcarbinol 87, 49 

—diphenyl-carbinol 37 

-methane 36 

-ethyl-ketone 37, 88 

Gyclobutylidene-diphenylmethane 35 
Gyclobutyl-methyl-alkylacetic acids 44 

-alkylmalonic acids 44 

.amine 36 

- -carbinol 37 

-ketone 37, 88 

-trimethyl-ammonium hydroxide 35 

Gyclo-camphane 276 

-camphanol 293 

-camphanone 276, 288, 292, 315 

-campholenic acid 315 

— -citral 123, 124, 127, 203, 205, 206, 
364 

—citrylidene-dianihne 207 

-decane 80 

-dione 81, 170 

-decanone 81 

-dihydromyrcene 200 

-ditriacontane-dione 81 

-dodecane 80 

-dodecanone 81 

— -docosane 81 
-dione 81 

-dotriacontane-dione 81 

-eicosane 80 

-dione 81 

—-fenchene 272, 276, 280 

-geranic acid 116, 132, 135, 206, 206, 

207, 260, 354 

--geraniol 97, 122, 162, 208,^206 


I Gyclo-geraniolene 95, 116, 206, 207, 341 
Cyclogeranyl-geraniol 337 
Gyclo-guttapercha 347 

I-heneicosanone 81 

' Cyclo-heptadecane 80 

.-olide 82 

-heptadecanone 80, 81 

I-heptadecenone 80 

-heptadecine 81 

' Gycloheptadiene 70, 76 

-carboxylic acid 73 

1 Cycloheptane 1, 5, 7, 70, 71 
! — acetic acid 71 

— aldehyde 72 

— carboxy-acetic acid 74 

— carboxylic acid 73 
—^diacetic acid 74, 168 

— dicarboxylic acid 73 
diol 71 

— -- hexacarboxylic acid 73 

, — pentacarboxylic acid 73 
I -spiro-cyclo-octanone 160 
' - - - -cyclopropane-dicarboxylic acid 

168 

— tetracarboxylic acid 73 

— tricarboxylic acid 73 
Cycloheptanol 70, 71, 90, 122 

acetic acid 74 

— - carboxylic acid 70, 71, 74 

! Cycloheptanone 72, 74, 76, 79, 163, 168 
j — oxalic ester 74 
j — pinacol 163 
. Cycloheptatriene 71 

— carboxylic acid 78, 166, 166 
I Cycloheptene 70, 71 

I — carboxylic acid 71, 72, 78 

— dibromide 71 
! — oxide 71 

Cycloheptenone 73 
, —glycol 73 
, — oxide 73 

! Cycloheptenyl-acetic acid 74 
i ---acetone 73 
-aldehyde 72 

' --carboxylic acid 71, 72, 78 

-ethyl oxide 71 

Cycloheptine 71 
Gycloheptyl alcohol 71, 76 

'-amine 70, 71 

--bromide 70, 71, 73, 163 

-carbinol 71, 76 

-carboxylic acid 71 

-chloride 71 

-cyanacetic ester 74 

-cycloheptanol 163 

Gycloheptylidene-acetic acid 74 

-acetone 73 

-cycloheptanone 163 

-cyanacetic ester 74 

Gycloheptyl iodide 70, 71 
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Cyoloheptyl-malonic acid 74 

-methylamine 71, 76 

-^pinacol 71 

-trimethyl-ammonium hydroxide 70 

Cyclo-hexacoBane 81 

-dione 81 

-hexacosanono 81 

— >hexadecane 76, 80, 81 
-dione 81 

-hexadecanone 81 

-hexadecenone 81 

Gyclohexadiene 22, 83, 86, 90, 94, 96, 
101, 102, 103, 166, 167, 181, 192, 
193, 213 
-aldehyde 124 
dibromide 106 

— dioxide 97, 108, 105 
-oxide 105 

—-quinone 193 

Cyclohexane 1, 6, 7, 36, 47, 60, 61, 83, 
85, 88, 89, 90, 102, 109, 123, 126,167 
-—acetic-carboxylic acid 144, 145, 169, 
170, 174 

-propionic acid 144, 171, 172, 173 

— aldehyde 121, 122 

— - butyric-carboxyhc acid 171, 172 

- carboxy-acetic acid 144, 145, 169, 

170, 194 

-acryhc acid 140 

-butyric acid 171, 172 

--propionic acid 144, 172, 174 

— carboxylic acid 92, 122, 129 
diacetic acid 126, 144, 168, 169, 170, 
172, 174 

— dicarboxylic acid 129, 140, 141 
-diol 101, 102, 104 

-dione 64, 83, 102, 107, 111, 112, 
146, 146 

— — acetals 113 

— ~ dicarboxylic acid 148 

-spiro-hexahydrohydrmdene 160 

- hexacarboxyhc acid 149 
--hexol 108, 104 

-pentol 108, 104 

-—propionic-carboxylic acid 144, 172, 
174 

- -spiro-cyclobutanone 156 

-cyclopropane-dicarbo-xylic acid 

167 

— sulphonyl chloride 106 

— tetracarboxylic acid 140, 141, 149 

— tetrol 102, 108, 104 
-triol 102 

Cyclohexanol 63, 83, 90, 94, 99, 102, 
106, 109, 110, 120, 162 

— acetic acid 137 

— carboxylic acid 121, 129, 184, 138 
Cyclohexanolone 105, 111, 116 

— dicarboxylic esters 114, 146 
Cyclohexanol sulphonic acid 101 


Cyclohexanone 72, 79, 83, 94, 99, 106, 
106, 108, 109, 111, 117, 126, 134, 
162, 490 

— butyric acid 173 

-carboxylic acid 135, 187, 138, 139, 
219 

-cyanhydrin 146 

“dibromide 64 

— dicarboxylic acid 146 
—^ dimethyl acetal 105 

— glyoxylic asters 137, 138 

— oxalic esters 108 

— pmacol 162 

-spiro-cyclopentane 151, 178 

Cyclo-hexeicosane-dione 81 
Cyclohexene 83, 90, 92, 98, 94, 96, 99, 
100, 101, 106, 114, 124, 166, 183 

— aldehyde 104, 128 
-dione 67 

— oxide 53, 64, 101, 104 
peroxide 64, 94, 104 

Cyclohexenol 94, 99, 102, 105, 114, 116 
Cyclohexenolone 117 
Cyclohexenone 106, 111, 114, 139 

— carboxylic ester 139 
Cyclohexenyl-acetic acid 184, 146 

-acetic-malonic ester 145 

-acetoacetic ester 109 

-acetone 109, 125 

- -acetonitnle 109, 144 
-acetophenone 125 

- -acetyl chloride 125 
-carboxylic acids 131 

- -diacetic acid 146 
—glycidic ester 124 

- -iso butyric acid 133, 184 

-methyl ketone 140 

Cyclohexyl- see also Hexahydrophenyl- 
Cyclohexyl-acetaldehyde 123 

-cyanhydrin 137 

-acetamide 122 

-acetic acid 188, 162 
—acetoacetic ester 124, 188 
-acetone 124 
-acetonitrile 122 

- - -acetylene 98, 134 

-acrylic acid 134 

-allyl ether 100 

-allylene 98, 134 

--amine 106, 152 
--aniline 106 
-bromide 91, 94 

-butanol 121 

-carbinol 120, 121, 122. 

- -carboxylic acid 92, 121, 129 
—chloride 01, 94 

-chloro-ethylene 98 

-methyl ether 100 

-cyanacetic ester 144 

-cyclohexanol 161, 152, 179 
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Cyclohexyl-cyclohexanone 138 

-cyclopentyl alkanes 48, 161 

-dimethyl-amine 106 

-carbinol 120 

- -dithiocarhoxylic acid 131 
-ethyl alcohol 120, 121 

-amine 106, 122 

-carbinol 124 

--glycidic ester 122, 137 

-glycine-carboxylic acid 137 

-hydroxylamine 107 

-hydroxyphenyl ketone 130 

Cyclohexylidene-acetaldehyde 123 

- -acetic acid 94, 184 
-acetone 109, 125 

' -acetophenone 125 | 

- -acetyl chloride 125 | 

-cyclohexane 162 1 

-cyclohexanone 109, 162 

Cyclohexyl-iodide 01, 138, 144, 162 

-isobutyric acid 133 

-isopropylalcohol 121 i 

- -isothiocyanate 106 ■ ' 

--magnesium halides 90, 92, 99, 105, > 

120,121, 122,123, 129, 131, 151, 162 | 

-^malonic ester 133, 144 | 

-mercaptan 106 j 

-methyl-amine 70, 106, 122 I 

-carbinol 120 * 

-cyclopentanol 161 
-oxide 99 

- -sulphide 106 

- -phenol 100 
-phenyl-carbinol 96 

--ether 100 

- -propiolic acid 98, 134 
-propionic acid 133 

— aldehyde 123 i 

-propyl alcohol 121 

- -silicon trichloride 92 
-tetrolic acid 134 
-xanthate 106 

-isocamphoronic acid 293, 315 

'-isoprene-myrcene 202, 324, 325 
-nonacosane 81 

- -nonacosanone 81 

-nonadecanone 81 : 

-nonane 80 i 

- -nonanol 79, 81 

-nonanone 81 

Cyclo-octacosane dione 81 

-octacosanone 81 i 

- -octadecanone 81 
-olide 82 

—octadecenone 81 
-octadiene 75, 166 

- -octadione 77 

- -octane 1, 6, 7, 76 
-- —acetic acid 76, 77 
-aldehyde 76 


Cyclo-octane carboxylic acid 77 
-dione 77 

- -octanol 71, 76, 76 
-octanone 72, 76, 76, 77, 79 

--cyanohydrm 76 

--pmacol 76, 163 

-octa-tetrene 75 

-triene 76 

-octene 76, 76 

— oxide 76 
-octenone 77 

-octenyl-acetic acid 77 

-cyanide 76 

-octyl-carbinol 76, 79 
-ethyl alcohol 76 

- -methylamine 76, 81 
Cyclo-penta-decane 80 

-olide 82 

- —decanol 81 

-decanone 81 
-decme 81 

Cyclopentadiene 22, 46, 47, 50, 53, 67, 
86, 181, 185, 186, 187, 189, 263, 271, 
286, 320 

—oxalic ester 51 

- -qumone 61, 191 

Cyclopentane 1, 6, 7, 47, 48, 53, 57, 60 
-acetic acid 63 
aldehyde 54 

- carboxy-acetic acid 67, 69 

- ■ butyric acid 67, 160 
carboxylic acid 63, 62 

-diacetic acid 49, 67, 168 

- dibromo-diacetic acid 156 

- - dicarboxylic acid 63, 187, 188, 191, 

194, 268, 271, 320 
-diol 52 

- -dione 53, 57, 59 
-dicarboxylic ester 69 

--spiro-hexahydro-hydrindeiie 169 

- — -tricarboxylic ester 69 
-hexacarboxylic acid 63 

- -spiro-cyclobutane tetracarboxyhc 
acid 158 

-cyclohexane 160 

--dione 162 

-cyclohexanone 161, 156, 160 

-cyclopentanone carboxylic acid 

159 

-cyclopropane dicarboxylic acid 
166 

-hydroxycyclopropane dicarb¬ 
oxylic acid 166 

-methyl-cyclopropane-tetracarb- 

oxylic acid 167, 169 
-tetracarboxyhc acid 63 

- - -tricarboxyhc acid 63 
-trione-carboxylic ester 69 

- —-dicarboxyho ester 69 
Cyclopentano-cycloheptanone 170 
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Cyclopentano-cycloheptene 170 

-cyclohexane 168 

-cyclopentane 167 

Oyclopentanol 37, 61, 55 

- acetic acid 63, 67 

- carboxylic acid 54, 67 

- - isobutyric ester 68 
Cyclopentanolone 55 
Cyclopentanol propionic ester 68 
Cyclopentanone 36, 48, 49, 51, 54, 55, 

57, 60, 61, 63, 65, 67, 68, 69, 87, 
151, 156, 178 

- acetic acid 69 

- carboxylic acid 53, 68, 137, 268 
diacetic acid 69 
dicarboxyhc acid 68 

pinacol 161, 155 
Cyclopentanonol 55 
Cyclopentene 37, 48, 51, 52 
acetic acid 49 
aldehyde 54 

- caoutchouc 51 

- carboxy-acetic acid 67 
carboxylic acid 63 
chlorohydrin 52 
dicarboxyhc acid 63 
-diol 52, 63 

- - isobutyric acid 49 

oxide 51, 62 

Cyclopenteno-cycloheptanone 170 
Cyclopentenol acetate 55 
Cyclopentenolone 59 
Cyclopentenone 55 
Cyclopenteno-phenanthrol 594 
Cyclopentenyl-acetic acid 53, 60, 61, 63, 
66 

-acetone 60, (>1 
-acetophenone 61 

-carbinol 151 

'-chloride 48, 65, 67 
-cyclohexyl-methane 151 
-ethanol 53 

-ethyl-cyclopentanone 151 
-malonic acid 67 
-methanol 151 
-methyl bromide 54 
- carbinol 53 
—succinic acid 69 
Cyclopentyl-acetone 60 
-bromide 53 
-carbinol 53 

- -chloride 49 

- --cyclqpentanol 161, 173 
-cyclopentanone 151 

- -cyclopentene 151 

-diethyl-carbinol 49 

-ethyl-carbinol 53 

-ethanol 53 

CyclopentyUdene-acetic acid 65 
-acetyl chloride 61 


Cyclopentylidene-cyclopentanone 55, 
161 

Cyclopentylidenone-dioxalic acid 70 
Cyclopentyhdene-malonic acid 67 

-propionic acid 65 

-succmic acid 69 

Cyclopentyl-iodide 47 

-keto-valeric acid 151 

-magnesium halide 53, 151 

-methyl amine 53 

-iodide 151, 164 

-nitromethane 53 

- -propanol 53 

-propine 50 

-propionic acid 64 

Cyclopropane 1, 5, 7, 23 

— aldehyde 25 

“ carboxy-propionic acid 82, 156 
carboxyhc acid 25, 26 
dicarboxyhc acid 29, 30, 157 
-spiro-cyclopentane-dione dicar- 
boxyUc acid 156 

— tetracarboxylic acid 33, 34 

— - tncarboxyhc acid 33, 166, 263, 270 

— tricyano-tncarboxylic acid 34 
Cyclopropano-cycloheptane 166 

— -cycloheptene 166 

— •-cyclohexadiene-carboxyhc acid 165 
--cyclopentane 164 

-dimethyl-cyclopentane 165 

-methyl-cyclohexane 165 

Cyclopropanone 26, 37 
Cyclopropene 24 
Cyclopropyl-acetomtrile 25 

-alkyl-propionic acids 26 

---carbinol 24, 25, 37 

-cyanide 25, 26 

-cyclopropane hexacarboxyhc acid 
151 

— tetracarboxylic acid 151 
-diethyl carbinol 25 

— -dimethyl carbinol 25 
-ethyl amine 25 

carbinol 24 
--glycol 23, 26 
—^-hydroxypropionic acid 27 
Cyclopropyhdene-cyclopentane 150 
Cyclopropyl-isopropyl carbmol 24 

-^methyl amine 24 

-bromide 24 

-carbinol 24 

— —^ ethyl carbinol 25 
Cyclo-pulegenol sulphonic acid 235, 236 
—rubber 340 

-tetracosane 81 

-dione 81 

—tetracosanone 81 

-tetradecane 80 

-tetradecanone 81 

■—tetratriacontane-dione 81 
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Qyolo>triacontane 81 

-dione 81 

-triacontanone 81 

-tricosane 81 

-tricosanone 81 

-tridecane 80 

-tridecanone 81 

-tris-triacontane-dione 81 

-trione 81 

-undecanone 81 

Cymarigenin 526, 529, 541 
Cymarin 526, 541 

Cymbopogon Martini var. motia 121, 201 

Cynips calicis 393 

Cynodontin 430 

Cynomarathrum NuttaUii 256 

Cyperone 332 

Cyperus rotundas 332 

Cypress oil 240, 336 

Cytochrome 407, 456, 459, 460, 461 

Cytoflavin 475 

Dacrene 337 
Dacrydium hiforme 337 
cupressinum 337 
elatum 333 
Daidzein 361 
Daidzin 352, 361, 362 
Dambonitol 103 
Dambose 103 
Dambositol 103 
Dandelion 413 
Daphne alpina 358 
Genkwa 443 
Daphnetin 358 
Daphnin 352, 358 
Datisca cannabina 446 
Datiscetin 446 
Datiscin 446 
Dancns carota 412 
Daviesia latifolia 392 
Deca-acetyl-solanin 378, 379 
Decahydro-naphthalene see Decalm 

-pelandjauic acid 395 

Decalin 85, 162, 168, 170, 171, 173 

— carboxy-acetic acid 175 

— diacetic acid 176 

-spiro-cyclopropane-dicarboxylic 

acid 157 

Decalol 144, 170, 172, 174 
Decalone 109, 144, 162, 171, 172, 176 

— cyanhydrin 175 
Decalylamine 173, 174 
Decarboxy-risic acid 501 
-usnic acid 401 

Deguelin 478, 503, 508, 509, 510 
Deguelinic acid 509 
Dehydro-androsterone 590 
—angustione 113 
-apooamphoric acid 319 


Dehydro-azafrinone amide 415 
-benzoyl-ursolic methyl ester 619 

-bilirubin 466 

-buchu camphor 289 

-camphenic acid 315 

-a-campholytic acid 313 

-camphoric acid 284, 309, 311, 312, 
I 314, 318 

! -cantharidin 486 

-cantharadmic acid 486 

- -cholesterol 666 
-cholic acid 660 

-chlorophyll 471 

—cineole-1,4 221 
-civetone 80 
-cyclocitral 354 
-deguelin 509, 510 
' -deguelone 509 
1 —dicamphene 264 

- -dihydro-rotenone 609 

" -toxicarol 610 
—guaiaretic acid 396 
I -irene 127 

-isoandrosterone 591 

- -isofenchocamphoric acid 318 

- -isolauronohc acid 312 

- -isopulegol 205 

- -linalool 202, 203 

- -mesobihrubin 466 

j -nerohdol 323 

-netoric acid 607, 510 

- -norcaryophyllenic acid 329 

- -penllic acid 133, 229 

- -phlorrhizin 436, 496 

- -pyrethrolone 484 

I-rotenol 607 

I -rotenone 606, 506, 507 

; -sitosterol 566 

! -toxicarol 610 

— carboxylic acid 510 

-urushiol 394 

Delphinidm chloride 450, 461 
Delphinin chloride 391, 450 
Delphinium consolida 391, 450 
Deoxo-dihydro-oreosolone 601 

- -phylloerythrin 471 

-phylloerythro-aetioporphin 471 

-picrotinic acid 492 

-strophanthidin 639 

Deoxy-bilianic acid 667 
--cantharidin 486 
' --cantharidinic acid 486 

-carminic acid 432 

-cholic acid 282, 550, 657 

-digitogenin 522, 624 

-hyposalazinol 387 

-kessylene 331 

-oreosolone 600 

—salazinic acid 388 
-tetrahydro-artemisin 491 
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Deoxy-tetrahydro-santonin 488 
Dermocybe san^uinea 429 
Derric acid 507, 609 
Derris elliptica 603 
Derris root 603, 609, 610 
Derrisic acid 604, 606, 607, 609 
Derritol 604, 606, 607 
Desimino-leucopterin 476 
Desiodo-thyroxin 683 
Desmotropo-artemisinic acid 491 
-santonin 489 

Besoxo-, Desoxy- i»ee Deoxo-, Beoxy 
Deuteroporphyrin 467 
Dextro-pimanc acid 348 
- -pyroabietic acid 350 
Dhurrie acid, Dhurrin 366 
Diabetes mellitus 586 
Diacenaphthylene 36 
Diacetyl-cyclobutane-dicarboxyhc acid 
46 

-cyclopentane 271 

-desmotropo-artemisin 491 

Dialkyl-dicyano-cyclopropane-dicarb- 
oxylic acids 34 
Diamino-camphane 281 

-cyclohexane 96, 100, 107, 112 
-dimethyl-cyclohexane 97, 107 
-hexahydro-m-cymene 107 
- -p-cymene 211, 228, 236 
-toluene 107 
-xylene 97, 107 
-m-menthane 107 
-p-menthane 211, 228, 236 
-methyl-cyclohexane 107 
—3-isopropyl-cyclohexane 107 

-4-isopropyl-cyclohexane 211, 228, 

236 

- -trimethyl-cyclopentane-311 
Dianhydro-antiangenin 642 

- * -dihydro-gitoxigenm 635 

-gitoxigenm 626, lootnotc 4, 629, 634, 

586, 636 

-strophanthidm 641 

Diazo-camphane 276 
--camphor 289, 202 
Dibenzhydryl-cyclohexane 91, 121 
Dibenzo-cycloheptene aldehyde 177 
Dibenzoyl-cyclobutane 38 
—cyclobutene 38 
—glucoxylose 392 
Dibenzyl 3 

Dibornyl disulphide 281 
Dibromo-buchu-camphor 237 
2,6-Dibromo-camphane 261, 874, 276 
<u-2-Dibromo-camphane 264, 309 
Dibromo-camphor 287, 316 

-cyclobutane 86, 86 

-carboxylic acid 39 

- -cyclobutene 36 
-cycloheptane 71 


' Dibromo-cycloheptyl acetic acid 74 
-cyclohexane 83, 90, 92, 102, 167 

— -cyclohexene 96 
-cyclopentane 48, 62 

—diacetic acid 166 

'-cyclopentenedione 69 

-cyclopropane 24 

1 -hexahydro-benzoic acid 130 

— - -terephthahe acid 143 
I --indigo 407, 472 

-menthanone 233 
-- -menthone 281, 233, 237 

1 -pmocamphone 262 

I-tetrahydrocarvone 237 

,-thyronm 685 

i Dicamphene-dione 287 
; Dicamphenyl ether 264 
j Dicampho-cyclobutanedione 158 

I -methylamine 295 

i Dicamphor 287 
' Dicamphorylic acid 312 
Dicarboxy-cyclopropane-spiro-hexa- 
I hydro-hydrindene 157 

I-dihydro-hydroxyphenyl-acetic acid 

149 

i Dicarvelone 152, 288 
I 2,2-Dichloro-camphane 265, 274, 288 
I 2,3-Dichloro-camphane 270 
2,6-Dichloro-camphane 234, 261, 274 
I Dichloro-cyclohexadiene 112 

-cyclohexane 91, 96, 113 

-cyclohexanone 110 

' -cyclopropane 24 
-decalin 174 

I -dihydro-benzene 112 

-terephthahe acid 143, 147 

-hexahydro-cymene 231 

-^pulenone 97, 120 

-pulenenone 120 

-qumol-dicarboxylic acid 148 
-quinone-dicarboxylic acid 148 
—thyronin 585 
Di-(cyclobutyl-ethyl-)glycol 37 
Dicyclo-butyl ketone 38 

-geranyl 162 

-heptane-diol 168, 160 

-heptenyl 153 
- -heptyl 163 

-hexadiene 22, 141, 182, 198 

-quinone 193 

Di-cyclohexene 152 
Dicyclo-hexene 173 

— -hexenyl 162 
--hexyl 161, 162 

-amine 106 

-cyclohexanol 162 

-dicarboxylic acid 162 

-disulphide 106 

-ethane 160 

-ether 100 
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Dicyolo-hexylidene-cyclohexanone 109 

-hexyl-thiourea 106 

-octadiene 75 

— -octenyl 153 
-octyl 153 

—-pentadiene 60, 182, 183, 188, 190, 
271 

-dicarboxylic acid 190 I 

-qumone 190, 191 

-pentyl 151 

-diol 151 

-ethane 151 

-^pentyhdene cyclopentanone 55 

Di-dimethylfulvene 190 
Diels’ acid 557 

Diels’ hydrocarbon 513, 520, 623, 525, 
526, 689, 545, 546, 547, 553, 567 
Di-endomethylene-tetradecahydro- 
anthracene 190 
Diene syntheses 21, 86 
Diethyl-a-camphohde 310 
.camphor 295 

— --cyclobutane-dione 45 
-carboxyhc acid 45 

' -dicarboxylic acid 45 

-cyclobutanone 37 

-cyclohexadiene 97 

---cyclohexane 89, 91 

-cyclohexanol 91 

-cyclopentane 48 

-cyclopentanol 48 

— -cyclopentene 37, 48, 49 

-cyclopropane dicarboxylic acid 32 

-cyclopropanol dicarboxylic acid 32 

-hexahydrobenzylamine carboxylic 

acid 131 

-succino-succimc ester 147 

Diffractic acid 384 

Digitahgenin 626, 529, 534, 686, 536 I 
Digitalin 352, 526, 686 
Di^Ualinum vemm 527 
Digitalis lanata 521, 527, 535, 537 

— purpurea 444, 520, 521, 527, 535, 537 ' 
Digitic acid 524 

Digitogenic acid 521, 523, 624 
Digitogenin 523, 624 i 

Digitoic acid 52^ 

Digitonin 352, 512, 513, 520, 521, 628, 

530, 531, 566 

Digitoxigenin 626, 527, 528, 529, 530, 

531, 533, 534, 538, 540, 560 
Digitoxigenone 532 
Digitoxin 526, 528, 530, 681 
Digoxigenin 626, 527, 528, 529, 530, 

533, 536, 687 
Digoxigenone 537 
Digoxin 526, 528, 687 
Dihydro-alantolactone 487 

-ambrettolide 82 

-androsterone 689 


Dihydro-anemonin 479, 481 

-anhydro-anemonolic acid 479 

-auxin 605 

-benzaldehyde 124, 133 

-benzene 83, 96, 107, 213, see also 

Cyclohexadiene 
-benzoic acid 124, 131, 188 

-betulin 516 

-bornylene 273 
-camphene 274 

-camphoceenic acid 317, 819 

-campholenic acid 303 

-campholenolactone 301, 802, 303 

-campholytic acid 312 

-campholyto-lactone 313 
—camphoric acid 306 
-camphorol 306 

-camphorone 48, 62, 66, 231, 237, 
306 

—camphorphorone 48, 62, 66, 231, 237, 
306 

-carotene 421 

-carthamin 437 

-carveol 210, 218, 221, 225, 232, 234, 
238, 260 

— - - methyl xanthate 225 

— -carvone 215, 284, 238, 248, 249 
-carvylamine 228, 238 

-chaulmoogric acid 66, 130, 482 

— -cholesterol 661, 664, 696 

-cholesteryl acetate 590 

-citral 204 

-civetane 80 

-civetol 80 

--civetone 80, 81, 82 
--cnidium lactone 485 

-cornicularic acid 439 

-cuminalcohol 121, 213 
--cummaldehyde 124, 213, 229 
- -cumic acid 133 
' -cyclocitral 126 
—cyclopentadiene 50 
-cyperol 332 

-dehydro-deguelin 509 

-deoxy-rotenone 604, 606 

-toxicarol 610 

—-dicamphene pyrazine 292 
'-dicyclopentadiene 60, 186, 187 
-Diels’ acid 564 

-digoxigemn 637 

■—elemohc acid 350 

-eremophilol 331 

-eucarveol 249 

-(x-eucarvone 249 

-^^-eucarvone 260 

-eucarvylamine 249 

-fencholene alcohol 219 

-amine 219 

-flavaspidic xanthene 399 

-gitogenic acid 535 
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Dihydro-gitoxigenic acid 536 

-gitoxigenin 636 

-humulic acid 47, 400, 401 

—hydnocarpic acid 66, 130, 482 

-hydroxy-campholyto-lactone 311, 

313 

- -ionone 126 

- - -isoacetophorol 96, 110, 116 

-isoacetophorone 110, 132, 138 

-isoalantolactone 332, 486 

-isobergapten 498 

-isobergaptenic acid 498 

-isophorol 96, 110, 116 

-isophorone 110, 132, 138 

-carboxylic ester 138 

-isotbujol 244 

-jasmone 57 

-kawain 434 

-lapachol 427 

-laurolactone 311 

-- -lomatiol 427 

-menthofuran 226 

-mesobilirubin 464 

-rayrcene 200 

- -myrtenal 260 

-myrtenol 268, 260 

-naphthalene 175 

• -ocimene 200 

-oestrone 594 

-oreosolone 600 

-oreosolonic acid 500 

-osthol 499 

-periUalcohol 122, 229 

-perillaldehyde 123 

-perillamine 122, 229 

- -periplogenin 639 

- - -phthalic acid 141, 142, 143 

-phthalide 136 

- - -phytol 417 

' -pimpinellin 499 
-pinol 221 
— hydrate 221 
-pinolone 220 
-pinylamine 260 

- -pseudo-ionone 323 
-psoralene 497 

--pulegenone 306 

-resorcinol 111, 146, 422 

—^-rhodoxanthin 420 

- -rotenic acid 506 

-rotenone 604, 606, 606 

- -rotenomc acid 604, 506 
-sabinol 241, 242 

-salicyUc acid 139 

-santonin 488 
< -sarmentogenin 637 
-sedanolide 485 

-shikimic acid 135, 137 

-sitosterol 549 

-^terephthalic acid 143, 146 

JEllchter-Anschatz li. 


Dihydro-terpineol 219 

-terpinolene 216 

-toluene 97, 111 

-toluic acid 133 

-toxicarol 610 

— -tricyclo-pentadiene 190 
--tubaic acid 604, 505 

—-tubanol 604 

,-umbellulol 246 

I -^umbellulone 33, 246 

I-uvitfc acid 149 

•-verbenol 268 

!-verbenone 261 

-vitamin Do 666 
I Dihydroxy-anthraquinone 428 

:-^carboxyhc acid 429 

1 —bomylene 290, 295 

-camphane 291 

-camphoceenic acid 303 

—camphoric acid 284 

- -carotene 414 

—-chaulmoogric acid 66 
I —cholanic acid 550 
I 6,7-Dihydroxy-coumarm see Aesculetin 
I 7,8-Dihydroxy-coumarin see Daphnetin 
I Dihydroxy-cyclohexane 101 

I -dicarboxylic acid 112 

I-cyclopentene-trione 60 

I-dicycloheptyl 163, 160 

I - -dicyclohexyl 162 

I-methane 66 

I-dicyclopentyl 161, 156 

' --dihydro-camphene 315 

I -a-campholenic acid 264, 289, 301 

1 -^^-campholenic acid 302 

I-dextropimaric acid 348 

-quinone-carboxylic acid 148 

-santonic acid 488 

--shikimic acid 136, 137 

-dimethoxy-flavone 446 

-flavanone 360 
-flavone 443 

- -isoflavone 361 

— -hexahydro-benzene 101, 102 
-isophthahc acid 145 

--terephthalic acid 146 

— -hydroxymethyl-anthraquinone 429 
-isoamyl-benzene 604 

-menthanone 237 

- -methoxy-benzophenone 461 
-flavanone 360 

— --flavone 444 

-methyl-ethyl-anthraquinone- 

-pentoside 430 

-tetrahydro-anthraqumone 428 

-^methyl-anthraquinone 428, 429 

-methylenedioxy-isoflavone 362 

-myristic acid 363 

-palmitic acid 364 

-^phellandrene 212 
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Dihydroxy-polyporic acid 424 
—quinone-dicarboxylic acid 148 
-terpineol 222 

-tetrahydro-terephthalic acid 145 

-^xanthone 462 

Dihydro-xylene 97, 120 486, 

-yangonin 436 

-zingiberene 324 

Di-iodo-camphor 288 

-carotene 421 

-cyclohexane 83, 102 * 

-cyclopropane 24 

-thyronin 685 

Di-isocamphylidene amine 264 
Di-isonitroso-cyclohexanone 109 

-cyclopentadiene 190 

-cyclopentanone 66 

Di-isopropyl-cyclobutane 35 
Di-isopropyhdene-cyclobutane 36 
Di-isopropyl-succino-succinic ester 147 
Diketo-apocamphoric acid 69, 284, 319 
2,3-Diketo-camphane 289 
2,6-Diketo-camphane 288, 291 

-carboxyhc acid 288 

2,6-Diketo-camphane 289, 291, 301 
(jo,2-Diketo-camphane 292 
Diketo-camphoric acid 284 

-cholanic acid 660 

-cineole 220 

--cyclopentane-dicarboxylic acid 69 

-dicyclohexyl 162 

- -hexamethylene »ee Cyclohexanedione 
- ~ -menthane 237 

-perhydro-diphenyl 162 

---tetramethylene 37 
Dill oil 208, 237 
Dimedone 112, 471 
Dimethone 112, 471 
Dimethyl-acetonyl-cyclopropane 
carboxylic acid 28, 32 

-amino-cycloheptene 71, 72 

-cyclopropane 24 

-hexahydrobenzoic acid 131 

-benzoyl-cyclopentanone 62 

-bergenin 369 

-bicyclo-hexane 165 

..octane 168 

-campholic acid 296, 304 

-campholide 310 

-camphor 296, 304 

-chloro-cyclohexadiene 97 

-cyclohexanone 116 

-collatolic acid 390 

-cyclobutane 36 

-carboxylic-acetic acid 39 

-dicarboxylic acid 40, 43, 260, 329 

-dione 38, 46 

-carboxylic acid 45 

-tetracarboxylic acid 40, 43 

-cyclobutanone 37 v 


i 

I 

I 


Dimethyl-cyclobutanone carboxylic 
acid 40 

-dicarboxylic acid 46 

-cyclobutene dicarboxylic acid 329 

-cyclobutyl-carbinol 36 

-cycloheptanol 71, 87 

-cycloheptanone 72 

-cycloheptene 71, 72 

-cyclohexadiene 97 

-cyclohexadienyl-acetic acid 134 

•—cyclohexane 88, 89, 90 

-diol 101, 102 

-dione 113 

- -cyclohexanol 87, 91, 99, 100 
-cyclohexanone 63, 87, 108, 110 

— -cyclohexene 87, 98, 95, 97, 102, 171 
-oxide 104 

•— -cyclohexenol 97, 115 

— -cyclohexenone 97, 116, 117, 134 
-acetic acid 116, 189 

— - - carboxyhc acid 116, 139 
-cyclo-octadiene 342 

-cyclo-octanol 76 

-cyclopentane 37, 47 

-dicarboxyhc acid 69 

-dione carboxylic acid 69 

- -cyclopentanol 47, 49, 62 

-cyclopentanone 62, 56, 87, 313 

— - acetic acid 302 

-carboxyhc acid 68 

-cyclopentene 37, 47, 49 

-cyclopentenone carboxyhc acid 318 

-tricarboxylic acid 164 

-cyclopentyl iodide 47 

-cyclopropane 23 

--carboxy-acetic acid 26 

--methylacrylic acid 33 

- .propionic acid 82, 248 

-carboxylic acid 26 

-dicarboxylic acid 31, 248 

. _ _ . - -malonic ester 164 
-cyclopropano-cyclobutanone tri¬ 
carboxylic acid 164 

-decalin 171 

-diammo-cyclohexane 107 

-dichlorome thyl-cyclohexadienol 119 

-cyclohexenone 119, 120 

-dicyclopentyl 151 

-dihydroresorcinol 90, 112, 116, 166 

-diphenyl-cyclopentanone 66 

-cyclopentenone 60 

-di-(trimethoxyphenyl)-cyclobutane 

35 

-endomethylene-cyclohexene 22, 186, 

186, 270, 280, 319 

-tetrahydro-phthalic anhydride 187 

Dimethylene-cyclobutane 36 
Dimethyl-ethyl-cyclohexadienol 105 

-cyclohexane 89 

-decalin 488 
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Dimethyl-ethylidene>cyclohexadiene 97 

- -ethyl-octalin 488 
-fulvene 60, 181 

- 'granatenine 77 
-hydrounishiol 394 

-isobutenyl-cyclopropane 24 

—iaopropyl-cyclopentadiene 241 

-cyclopentane 48, 246 

- -cyclopentanol 62, 246 

-cyclopentene 241 

-naphthalene Cadalene 
-ketobutyl-cyclopropane carboxyhc 
acid 29, 248 
--methoxy-tetralone 490 

- -methylene-cyclobutane 36 
-cyclohexadiene 97 

- — -cyclohexane 93, 96 
-norcamphane 273, 276 

-spiro-cyclopropane carboxylic acid 

263 

-norcaradiene carboxylic acid 166 

-obtusatic acid 383 

Dimethylol-cyclobutane 37 

-cyclohexane 123 

Dimethyl-paracotoin 434 

- -phenyl-cumalin 434 
-phyUomeronic acid 494 

- -propenyl-cyclopropane carboxylic 
acid 33, 484 

-qumitol 102 

- -squamatic acid 385 

-- -succino-succinic ester 113 

-tricarballylic acid 164, 264, 303, 311, 

316, 319 

-tricyclo-octane 167 
-- -tsugaic acid 397 
-vitamin C 677 
Dinitro-cannabinol 611 
““ -cannabinolactone 611 
Dinitroso-cyclohexane 113 
Diosma crenata 444 
Diosmin (flavone) 444 

- (glucoside) 361 

Diosphenol 231, 234, 237, 239, 289 
Dipentene 132, 202, 207, 209, 210, 214, 
216, 219, 220, 223, 224, 238, 239, 
248, 261, 262, 256, 268 
Diphenyl 2, 162 

-ammo-cyclobutane carboxylic acid 

39, 42 

-cyclobutadiene 36 

- -cyclobutane carboxylic acid 88, 39, 
42 

-dicarboxylic acid 40 

-tetracarboxylic acid 44 

-cyclopentane 48, 68 

-trione 60 

-cyclopentene 48, 60 

-cyclopentenolone 58 

--acetic acid 68 


: Diphenyl-cyclopropane 24 

-dicarboxylic acid 32 

I- cyclopropene dicarboxylic acid 29 

I-dibenzoyl-cyclobutane 38 

-dibromo-cyclopentane 48 

j-dihydroresorcinol 112 

!-fulvene 50 

-methane 3, 160 

- -hydroxy-methoxy-cyclopentadien- 
one 439 

j -tricyclo-octane 167 

j-truxone 46 

I Diphtheria bacilli fat 364, 648 
I -toxin 373 
j Diphtheric acid 364 
' Diprene 209, 214, 346 
I Dipropyl-succino-succinic ester 147 
I Dipulvinic acid 440 
I Dirhizoninic acid 384 
' Distyranic acid 39 
Distyrmic acid 39 
, Disuberyl 153 
Divaric acid 381, 385, 386 
Divaricatic acid 385 
I Divaricatinic acid 385, 386 
I Divarin 385 
I Divicine 375 
' Divi-divi pods 393 
; Dodecahydro-triphenylene 109, 179 
I Dodecahydroxy-cyclohexane 103 
Dodecyl-cyclohexane-tetrone 113 
I Dog-shark 104 
I Douglas fir oil 208, 261 
I Dryobalanops camphor a 277 
' Dryophantha species 426 
, Dryophanthin 47, 362, 356, 426 

Egg shells 465 
Egg-yolk 412 
Mderberry 449 
Elecampane root 486 
Elemazulene 330 
Elemene 326, 330 
I Elemi oil 210, 212, 326, 338 
I Elemic acid 350 
Elemol 324, 326, 330, 338 
I Elemolic acid 338, 350 

> Elemonic acid 350 

I Ellagen-tannic acid 393 
I Ellagic acid 393 

> Embelia ribes 113, 422 
j Embehn 113, 422 

I Emodin 429 
j Elmulsin 366, 366 
; Endomethylene-hexahydro-benz- 
aldehyde 186, 186 

I-benzylalcohol 185 

! Endo form 277 
I Endocamphene 194, 264, 269 
I Endocrocin 429 


40* 
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Endoethylene-cyclohexane 180 
-cyclohexanone 183, 102 

- -dihydro-phthalic acid 192 

-hexahydro-phthalic acid 192 

-tetrahydro-benzaldehyde 192 

-phthalic acid 141, J94 

-phthalic anhydride 192 

£ndomethylene>cyclohexanone 186 
—decalin 190 

-dihydro-phthahc acid 187 

-hexahydro-benzaldehyde 186, 186 

-benzylalcohol 185 

--homophthahc acid 187, 188 

- —phths^c acid 186, 189 
-toluic acid 186 

-methyl-cyclohexanone 186 

-tetrahydro-benzaldehyde 186 

-tetrahydro-benzaldehyde 185, 186 

-benzene carboxy-acetic anhydride 

187 

-benzoic acid 186 

-phthalic acid 63, 86, 187 

-toluene 185 

Epi-bomeol 279, 291, 293, 294 

-carboxylic acid 293, 297 

~ -bomyl xanthate 270 

- -campholenic acid 303 

-camphor 279, 291, 298, 296, 303, 

307 

-carboxylic acid 297 

-imine 296 

-catechin 403 

Epicauta rnficeps 485 
Epi-cyclene 276 

-cyclenone 292 

-isobomeol 279, 291, 293 

Epiphyse 603 

— hormone 679, 608 
Epi-quebracho-catechin 403 

-truxonic acid 46 

Equilenin 693, 597 
Equihn 593, 697 
Equisetum species 412 
Eremophila macalata 365 

— Mtichellii 331 
Eremophilone 331 

Ergosterol 648, 552, 659, 561, 662, 666, 
667 

— pinacol 668 
Ergot 353 

Erisymum peromkianum 367 
Erysolin 367 
Er^hrin 382 
Escin 519 

Escobedia species 413 
Ethinyl-cyclohexanol 101 
Ethoxy-caronic acid 31 

-cyclohexane-diol 102 

-cyclohexene 102 

-tetrahydrobedzene 96 


I Ethyl camphor 294, 295 

1- carboxylic ester 294 

I- ethylimine 294 

-cyclobutane 36 

- -cyclogeraniolene 96 
I —cycloheptane 70 

-cyclohexane 88, 89, 91 

, -cyclohexanol 99, 100 

! -cyclohexene 95 

I -cyclopentanol 49, 52 

— -cyclopentanone 48, 52 
-cyclopentene 49 
-cyclopropane 23 
-dimethyl-decalin 171 
-galactoside 353 

-hydrorubber 341 

Ethyhdene-camphor 296 

I -cyclohexane 98, 95, 126 

-cyclopentane 49, 60 

Ethyl-methyl-cyclohexene 93 

-decalin 171 

-nopinol 269 

Etio- sep Aetio- 
Eubornyl 278 

I Eucalyptole 180, 209, 210, 219, 220, 
I 221 

I Eucalyptus amy^dalina 212 
I Bakeri 229 
I - cneorifolia 116 

' - dives 218, 224 

— globulus 268 

I —hemiphloia 229 
I ~ - macrorrhyncha 447 
I — maculata var. citriodora 203 
I —peppermint group 225, 233 
I — piperita 226 

— polybractea 229 

Eucalyptus oil 212, 218, 220, 229, 233, 
261, 331 

Eucarvone 70, 71, 73, 163, 249 
Eudalene 324, 326, 328, 331, 332, 487 
i Eudesmol 171, 174, 831 
I Eugenol 366 
I Euphorbia formosa 393 
I Euterpene 249 
Euthamia caroliniana 209 
I Evernia divaricata 386 
I — prunastri 382 
' —vulpina 438 
' Evernic acid 382 
Everninic acid 882, 386 
Euxanthic acid 452 
, Euxanthone 462 
; Evodia rutaecarpa 200 
Exaltane 80 
Exaltol 81 
I Exaltolide 82 
Exaltone 81 
Exo form 276 
Exogoninm purga 364 
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Fagara xanthoxyloides 406, 498 

Fagaramide 406 

Fagtts sylvatica 449 

False camphor wood oil 229, 260 

Famesal 323 

Farnesene 322 

Farnesic acid 323 

Famesol 323 

Feather pigment, yellow 412 
Fenchane 274 

a-Fenchene 262, 271, 275, 276, 280, 281, 
297, 318 

j^-Fenchene 272, 280 
y-Fenchene 278, 280 
d-Fenchene 273, 280 
Fenchenol 317 
Fenchelyl amine 317 
isocyanate 317 
Fenchenylanic acid 272 
Fenchocamphoric acid 273 
a-Fenchocamphorone 116, 273, 318 
/S"Fenchocamphorone 116, 272, 276, 276, 
820 

Fencho-camphoryl chloride 273 

- -carboxyhc acid 316 

- - -cyclene 276 
Fencholene alcohol 317 

- amine 317 
Fencholenic acid 317 

Fenchone 181, 266, 268, 274, 275, 280, 
281, 298, 815 
Fenchopmacol 316 
Fenchol see Fenchylalcohol 
Fenchyl alcohol 219, 262, 272, 280, 
316, 318 

Fenchyl amine 281 
-chloride 252 

- - isovalerianate 280 
Feiyshyval 280 
Fennel oil, bitter 212 
Ferula gaibaniflua 256 
Fichtehte 337 

Ficus curica 497 

- elastica 136, 338 
Ficusin 497 

Filicic acid 397, 309, 478, 495 
Fihx tannins 423 
Fisetin 402, 445 
Fisetinidm 403 
Flavin 476 

Flavaspidic acid 899, 495 
Flavo-protein 475 

-xanthin 409, 412 

Floridoside 353 
Fluorene 3, 177 
—-per-(dodeca-) hydride 177 
Fluoro-cyclohexane 91 
Fly-agaric 426 
Foenicttlum vulgare 212 
Fokiena Hodgimii 326 


! Fokienol 326 

' Follicular hormone 591, 593 
, Forties annosus 133 
, — off. 381, 478 
Forman 217 
Formononetin 361 
Formyl-camphor 298 

-fenchylamine 281 

Foxglove 444 

Frankincense 260, 360, 519 
Frangula-emodin 364 
Frangulin 429 
Fraxetm 368 
Fraxin 368 

Fraxinus excelsior 368 
i Fucoxanthin 153, 409, 418 
' Fncus species 413 
Fulvene 60 

i Fumaro-proto-cetraric acid 388 
Furo-coumarin 497 
I Fustic 445, 446 
I Fustin 445 

, Galanga root 446 
j Galangin 446 
I Galega officinalis 444 
I Galipot 349 
j Galloyl-glucose 392 
I Galuteohn 444 
! Gama-bufagin 546 
1 --bufogenin 546 
' -bufotahn 546 

-bufotalinic acid 647 

j -bufotoxm 646 

j Gambia catechin 403 
Garcinia mangostana 462 
Garden cress 405 
Gardenia grandiflora 413 
GauUheria procumbens 353 
Gaultherioside 353 
Gem 352, 856 
; Gel rubber 340 
I Gelsemium sempervirens 358 
; Genistein 362 
Genistin 362 
Genkwanin 443 
Gentian 460 
-root 462 

Gentiana acaulis 391, 450 
— lutea 452 

< Gentianin chloride 391, 450 
' Gentisin 462 
, Geoside 352, 856 
I Geranial 205 
I Geranic acid 204, 207 
I Geraniol 201, 203, 219, 354 
Geraniolene 95, 207 
' Geranium 449 
' — od 201, 232, 330 
j Geranyl chloride 201, 323 
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Oeranyl glucoside 352, 354 I 

Geranylidene-oyanacetic acid 205 i 

Geronic acid 411, 414, 415, 564 ! 

Gesnera fulgens 448 
Gesneridin chloride 448 
Gesnerm chloride 448 | 

Geum urhanum 356 

Ginger 393 i 

Ginger oil 325 i 

Gingergrass oil 121, 212, 229, 238 
Gingerol 393, 894 
Gingerone 3^ 

Ginkgo bUoba 364 ' 

Gitaligenin 535 

Gitalin 526, 686 i 

Gitogenic acid 623, 524, 525 i 

Gitogenin 622, 524 
Gitonin 520, 521, 622 
Gitoxigenin 526, 527, 528, 529, 530, 533, I 

686, 537 

Gitoxigenone 535 
Gitoxin 526, 528, 686 
Glabratic acid 382 
Glaucobilin 466 
Globularia alypum 447 
Globulariacitrin 447 
Gloriosa superba 364 
Gloriosol 364 
Gluco- see also Glyco- 

-cheirolin 367 

-galhn 392 

Glucosamine 370 
Glucosido-gallic acid 356 
Glyco- see also Gluco- 
-choleic acid 550 

-cholic acid 550 j 

- -napin 367 I 

-nasturtiin 368 

-tropaeolm 367 

Glycymerene 414, footnote 4 
Glycyphyllin 360 
Glycyrrhetic acid 617, 518 
Glyeyrrhiza glabra 360, 517 
Glycyrrhizin 517 
Gmelin reaction 464 
Goldfish 413 

Gomphocarpns species 527, 533 
Gonadotropic hormone 579, 698 
Gonocaryum species 412 
Gonopterix rhamni 476 
Gonorol 336 
Gonosan 336, 434 
Gossypetin 4^ 

Gossypitrin 448 

Goasypium herbaeeum 447, 448 

Graebite 427 j 

Granatal 77 

Grape-vine 451 

Grass 412 

Growth hormone 579, 597, 698 


Growth vitamin, fat-soluble 562 

-, water-soluble 669 

Guacamphol 306 
Guagenin 514 
Guaiac bark 514 
Guaiacazulene 330 
Guaiacum resin 396 

— wood oil 330, 331, 336 
Guaiaretic acid 396 

Guaiene (2.3-dimethyl-naphthalene) 396 

— (sesquiterpene) 331 
Guaiol 330, 881 
Guaiula rubber 338 
Guanylic acid 375 
Gurjun balsam 335 
Gurjunene 335 
Guttapercha 347 
Gymnema sylvestre 103 
Gynocardia odorata 365 
Gynocardic acid 481 
Gynocardin 365 
Gynocaryum pyriforme 413 
Gynoval 279 
Gypsogenin 514 
Gypsophila arrostii 614 

— panniculata 614 
Gypsophila saponin 612, 613, 614 
Gyrophora species 382, 383 
Gyrophoric acid 882, 383 

Haematem 455, 456 
Haematinic acid 457, 468, 463, 464, 465 
Haematoidin 456, 468 
Haematommic acid 384 
Haematoporphyrin 457, 462 
Haematoxylin 466 
Haematoxylinic acid 456 
Haemaioxylon campechianum 466 
Haemin 467, 462, 466, 468, 471 
Haemo-chromogen 467, 460 
-cuprin 461 

-cyanin 466, 461 

-globin 467, 469, 474 

-pyrrole 468, 464 

-carboxylic acids 463 

Halibut liver oil 663 
Holla parthenopaea 472 
Hallachrome 472 
Halioti-cyanin 467 
- -rubin 467 

Haliotis californiensis 472 

— rufescens 467 
Haliotis indigo 472 
Halioti-verdin 467 
Hamamelis virginiana 392 
Hamamelitannin 392 
Hard rubber 339 
Harderian gland 461 
Hartite337 

Hashish 478, 511 
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Heart hormone 679, 608 

- muscle 375 
Hedeoma puUgioides 235 
Hedera helix 514 
Hederagin 512 
Hederagenin 514, 618 

- lactone 614 
Hederm 614 
Helenien 412 

Helichryaum angustifolium 202 
Helicin 355 
Helix 461, 613 
Helmmthosporin 429 
Helminthosporium cynodontis 430 

- gramineum 429 
Hemeralopin 663 
Hemiterpene 196 
Hemlock, Japanese 397 
Hemp 478 

false 446 

- Indian 478, 511 
Hepaflavin 476 

Heptacetyl-solanidin(s)-gluco8ido-galac- 
toside 378 

Heptachloro-cyclohexanedione 113 
-cyclohexenone 117, 118 

- -resorcinol 113 

Heptadecadienyl-dihydroxy-benzene 394 
Heptadecyl-dihydroxy-benzene 394 
Heptamethylene 1, 70 see also Cyclo¬ 
heptane 

Heptamethyl-hexahydro-thelephoric 
acid 433 

Heptanaphthene 88, 89, 90 
Heracleum sphondylium 497 
Heraclin 497 

Herba Adonis vernalis 422 
--hyssopi 436 
Heznandia peltata 229, 260 
<»Hesperetin 361 
Hesperidene s-ee Limonene 
Hesperidm 352, 361 
Heteroauxin 605 
Heterodendron oleaefolium 104 
Hevea brasiliensis 104, 338 
Hexabromo-cyclobutane 36 

- -cyclohexatrione 114 
Hexachloro-cyclohexadienone 118 

- -cyclohexanetrione 113, 114 
-cyclohexenedione 117 

' -cyclopentenone 48, 58 

- -hydroxy-cyclopentene carboxylic 
acid 67 

Hexa-cyclopentadiene 190 
Hexadecadienyl-dihydroxybenzene 394 
Hexadecahydro-chrysene 179 
Hexadecyl-dihydroxy-benzene 394 
Hexahydro-acetophenone 98, 124, 138 

-acetyl-toluene 124, 216 

-- -aniline 106 


Hexahydro-anisole 99 

-anthranilic acid 106, 130 

—artemionic acid 491 

-artemisin 491 

—-atrolactic acid 137 

-benzaldehyde 94, 121, 122, 123 

-benzene see Cyclohexane 

--benzoic acid 121, 129, 140, 162 
-benzonitrile 122 

-benzophenone oxime 106, 109, 130 

-benzoyl-acetic ester 124, 188 

-chloride 124, 129 

-valeric acid 138 

I - -benzyl-acetylene 98 
I — --alcohol 121 
! — - -amine 122, 162 

I —-carboxylic acid 131 

-chloride 133 

- -iodide 133 

- -benzylidene-acetone 134 

— - -acetophenone 123 

I --benzyl-malonic acid 133 

i-ester 144 

,-cadalene 324 

- -cinnamic acid 134 
-cumene 89, 91 

-cumic acid 130, 133 

-cymene 89, 91, 215, 226, 231, 248 

I - - -deoxo-oestriol 693 
' — - -oestrone 693 

-dianhydro-gitoxigenin 635 

--gitoxigenone 535 

-diethylbenzylamine carboxylic acid 

131 

-digitaligenin 536 

— -digitaligenone 535 
-durene 89 

-dihydroxybenzoic acid 135 

i - -famesol 323 
-famesyl bromide 323 

- -guaiacol 101 

< -hemimellithene 89 
I -hexahydroxybenzene see Inositol 

I-homo-isophthahc acid 145, 321 

I-phthalic acid 135, 144 

— - -terephthalic acid 192 

-hydrmdene diacetic acid 160, 170 

-hydroxy-toluic acid 221 

-indoxyl carboxylic ester 137 

-isodurene 89 

— -isophthalic acid 135, 141, 149, 321 

— -isophthalide 135 

-isoxylene 89, 90 

—kawaic acid 434 
—mandelic acid 137 

-mellophanic acid 149, 184, 192 

-^mesitylene 89 

-methylfluorene 177 

-muBoarufin 426 

-naphthalene 99, 174 
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Hexahydro-naphthol 174 
-oestriol 593 
-ostruthin 603 

-^pentahydroxy-benzoic acid 136 

- - -phenol 99, 102 

Hexahydro-phenyl- «ee also Cyclohexyl- 

- --acetaldehyde 123 

-acetylene carboxylic acid 134 

-ethyl alcohol 121 

-glycine-carboxyhc acid 137 

—propiolic acid 98, 134 
-propionaldehyde 123 

- -phthaUc acid 140, 142, 176, 178, 
194 

- -phthalide 131, 186 
-^propiophenone 124 

-pseudocumene 88, 89, 91, 302 

-salicylic acid 136 

-santonin 489, 491 

- -terephthalic acid 141, 143, 184, 192, 
193, 194, 263 

- -thiophenol 105 
--toluene 71, 88, 89, 90, 306 

- -toluic acid 180, 140, 216, 219 
-toluidine 106 

.tolylaldehyde 123 

‘ -trihydroxybenzoic acid 136 
-^xylic acid 130 

Hexahydroxy-flavyhum chloride 450 
Hexaketo-cyclohexane 113 
Hexalin 99, 174 

Hexamethylene 1, 88, 89, 90, set* also 
Cyclohexane 
Hexa-naphthene 89, 90 

-carboxylic acid 129 

Hexetone 116 
Hexyl-cyclohexane 89 
--cyclopentane 48 

-cyclopentene 48, 49 

-methyl-pyrrole 369 

Hippuhn 693, 597 
Hipiaga madablota 366 
Hiptagenin 365 
Hiptagin 366 
Hirsutidin chloride 451 
Hirsutin chloride 451 
Hiviscin chloride 449 
Hivisctts babdariffa 449 
Hoelite 427 
Hollyhock 460 
Homarus species 461 
Homo-abietin 360 

-apocamphoric acid 318 

-camphenilone 194, 269, 321 

--camphor 181, 194, 821 
a-Homo-camphoric acid 263, 284, 818, | 

321 ! 

j8-Homo-camphoric acid 321 i 

Homo-camphoronic acid 316 I 

- -caronic acid 82, 247 ' i 


! Homo-epicamphor 321 

-geranyl-ethinyl-methyl carbinol 323 

-linalool 203 

-norcamphane 181 

- -norcamphoric acid 286, 320 
-pimanthrene 348 

-pinene 267 

-pinocamphoric acid 262 

—^-retene 360 

- -santenic acid 320 

-tanacetone dicarboxylic acid 88, 243, 
246 

-terpenoylformic acid 264, 256 
, -terpenyl methyl ketone 220, 222, 

' 223, 264 

-terpenylic acid 248, 264, 256 

-terpineol 126 

Hop oil 200, 329 
I - - resin 128, 400 
I Horia Dehyei 485 
Horse-chestnut 347, 358, 447, 473 
■ --radish 367, 461 
Hsiung-chnang 484 
1 Humulene 329 
I Humulic acid 47, 61, 400 
! Humulo-hydroquinone 400 
i —^-quinone 400 

Humulone 47, 61, 128, 400, 423, 496 
Hnmulus lupulus 400, 496 
Hyaloidm 370 

Hydnocarpic acid 47, 65, 66, 478, 481 
Hydnocarpns alcalae 481 
species 65 

Hydnocarpyl-acetic acid 66 
Hydrangea opuloides 368 
Hydrangenol 362, 858 
Hydrindane 162, 168 

-diacetic acid 170 

Hydrindanol 169 

Hydrindanone 144, 162, 168, 169, 170« 
Hydrindene 168, 170 
Hydro-balata 347 
--bilirubin 467 

-camphoryl-acetic acid 814, 321 

— - -malonic acid 314 
--chlorocarvoxime 266 

- -cinnamic carboxylic acid 144 

- -cotoin 461, 452 
--dicamphene 273 

—mellitic acid 149 

- -pellitorin 406 
--perezone 327 

-picene 179 

- -quinone 366 

-endomethylene-cyclohexene 191 

-rubber 341 

-rufescin 467 

-tropilidene 70 

-carboxylic acid 73 

-urushiol 394 
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Hydroxy-acetophenone 366 

-allo-cholanic acid 567 

~ -amyl-tetrahydrobenzoic acid 136 
-apigenin methyl ether 444 

- -apim methyl ether 444 

--apocamphane carboxyhc acid 265, 
269, 297 

--hydroxamic acid 264 

-apocamphoric acid 319 

- -benzaldehyde 366 
-benzoic acid 360 

-depside 391 

- -benzyl isothiocyanate 368 

- -bomylene 279 
-brasilein 466, 466 

-bromomethyl-dimethyl-cyclohex- 

anone-carboxylic acid lactone 289 
-tetrahydrocarone 249 
-buchucamphor 220, 237 

2- Hydroxy-camphane ([iso-] borneol) 

277, 278 

3- Hydroxy-camphane 279 
10-Hydroxy-camphane 292 
Hydroxy-camphene 265, 287 

- -camphenilanic acid 268, 269, 276 
-camphenilonic acid 268 

3- (a-)Hydroxy-camphor 290, 291, 295 

4- Hydroxy-camphor 201, 297 
6-(p-)Hydroxy-camphor 288, 291, 293 
6-Hydroxy-camphor 291 

8- or 9-(;t-)Hydroxy-camphor 291 
10-(fo-)Hydroxy-camphor 292 
jff-Hydroxy-camphor 290 

3- Hydroxy-camphor-carboxyhc acid 

296 

4- Hydroxy-camphoric acid (lactone) 309 

6- Hydroxy-camphoric acid 305 
TT-Hydroxy-camphoric anhydride 309 
Hydijoxy-camphoronic acid 254, 284, 

315 

-carone 249 
-carvone 238, 239 
-carvotanacetone 223, 235 
-chloro-carane 248 

-raphm 474 

-cholanic acid 550 
-cineole 220 

—cinnamic acid depside 391 

-citronellal 204 

-citronellol 201 

7- Hydroxy-coumarin, see Umbelliferone 
Hydroxy-cyano-camphor 296 

-cyclogeraniolane carboxyhc acid 136 

-cycloheptane acetic acid 74 

- carboxylic acid 70, 74 

-cyclohexane carboxylic acid 134,135, 

138 

- -cyclohexenone 117 

-cyclopentane carboxylic acid 63, 67, 

234 


I Hydroxy-cyclopentanone carboxylic 
acid 89 

I -deguelin 609 

I -digitoxigenin 638 see also Gitoxi- 

I genin 

I -dihydro-^-campholenic acid 302 

I -)S-campholeno-lactone 302 

-a-campholytic acid (lactone) 311, 

313 

— -carvone 221, 238, 263 

-coumarin 600 

—cyclogeranic acid 135, 138 
—eremophilone 331 
--fencholenic acid (lactone) 317 
, -perezone 327 

- -diketocamphane 288 
-dimethoxy-benzophenone 462 

-methylenedihydroxy-benzophen- 

' one 462 

“ -dinitro-camphane 297 

-diosphenol 220, 237 

-diphenyl-cyclopentenone 58 

-dimethyl-cyclopentenone 58 
—divaricatinic acid 386 

- -epicampholenic acid lactone 303 
2-Hydroxy-epicamphor 290, 295 

; 6-Hydroxy-epicamphor 293, 294 
Hydroxy-eremophilone 331 
1 -a-fenchenic acid 272, 318 

-^-fenchemc acid 272 

-fenchone 316 

—gitogenin ‘'<>0 Digitogenin 
-glycosidoxy-coumarin 368 
-hexahydro-benzoic acid 134,135,138 

-gallic acid 135, 391 

•-isophthalic acid 146 
-phthalic acid 145 

- - -terephthalic acid 145 

■ --hydrocinnamic acid 369, 360, 437 

-isocamphoronic acid 316 
2-Hydroxy-3-keto-camphane 290, 293 
I 2-Hydroxy-5-keto-camphane 293, 294 
Hydroxy-keto-cholanic acid 660 

-lapachol 427 

-hgnoceric acid 376 

-mandehc acid 366 

-menthenone 237 

-menthone 237 

-methoxy-isoflavone 361 

- - - -xanthone 452 

-methyl-camphane 297 

-methylene-camphor 296, 298 

- -cyclohexanone 109 

—-epicamphor 299 

-menthone 231, 237 

-methylenedioxy-isoflavone 362 

-^methyl-hexahydro-acetophenone 124 

j -nervon 377 

1 -nervonic acid 377 

j -netoric acid 510 
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Hydroxy-oxido-camphane carboxylic i 

acid 296 

-palmitic acid 363, 478 

-perezone 327 

-phenazine 474 

-pinic acid 263 

-progesterone 682 

-quinitol 102 I 

-santonin 490 I 

-sapotalene 338 | 

-strophanthidin 642 

-suberane acetic acid 74 ' 

-carboxylic acid 70, 74 

- -terpenylic acid 238, 255 ! 

-tetrahydrocarvone 237, 248 | 

-toluic acid 221 | 

-toxicarol 510 ' 

-trimethyl naphthalene 616 

-verbenone 261 j 

Hydroxylamino-carvoxime 239 
Hyodeoxy-cholanic acid 633 

-cholic acid 660 ! 

Hypophamme 601 ' 

Hypophyse Pituitary 
Hyposalazinic acid 387, 388 
Hyposalazmol 387 

Hyposalazinolide 388 ' 

Hyssop oil 256, 269, 262 
Hyssopin 436 ! 

Hyssopus officinalis 262 | 

Hystazarin 428 j 

Iceland moss 380, 388 I 

Idaein chloride 449 ' 

Illicium religiosum 137 ! 

Imino-camphane 287 

-cyano-cyclopentane 68 

-carboxylic acid 68 ^ 

Jmperaioria ostruthium 499, 501, 602, ' 
603 

Imperatorin 601 i 

Incamatin 447 

Incense 260, 360, 619 

Indian yellow 407, 452 | 

Indican 877, 472 I 

Indene 3, 170 j 

Indigo 377, 407, 472 

Indigofera species 377, 472 i 

/?-Indolyl-acetic acid 606 | 

Ink nut 394 

Inosic acid 376 

Inosine 376 

Inositol 108, 104 

Insulin 679, 585, 600 

Intermedin 679, 601 

Interrenin 681 

Inula heUninm 486 

2-Iodo-oamphane<3^arboxylic acid 296 
lodo-oamphor 287 
-carboxylic esters 294 


lodo-cycloheptane acetic acid 74 

-cyclohexane 83, 91, 138, 144, 162 

--cyclohexanol 64, 99, 101, 102 
--formylcamphor 288, 299 

-hydrobornylene carboxylic acid 296 

loniregene tricarboxylic acid 128 

lonone 125, 206 

Ipomea purpurea 364 

Ipooh 642 

Ipuranol 364 

Ipurolic acid 353 

Iraldein 206 

Irene 128, 174 

Iregenone tricarboxyhc acid 128 
Iretol 363 
Iridic acid 363 
Iridin 363 
Iridol 363 
Irigenm 363 
Iris florenlina 127, 363 
-germanica 127 

— pallida 127 

— lectorum 363 
Irene 125, 127, 174 
—, Tiemann’s 127 
Isapogen 282 

Isatis tindoria 377, 472 
Isoaesculin 358 
Isoagathic acid 350 
Isoacetophorone 110, 116 
Isoalantolactone 332, 339, 486 
Isoallofenchene 273 
Isoallohthobilianic acid 554 
Isoalloxazine'flavin 573 
Isoamenyl-isovaleryl-hydroxycyclopen- 
tane-dione 61 
Isoaminocamphor 301, 802 
Isoamyl-cyclohexane ^ 

-cyclopentane 47 

-cyclopentanol 62 

-a-dehydro-phellandrene 326 

-- -isovaleryl-cyclopentane-trione 61 
Isoamygdalin 365 
Isoapoirone 128 
Isobergapten 498, 499 
Isobomeol 262, 263, 267, 276, 276, 277, 
278, 280, 282, 283, 286, 300, 303, 304 

-3-carboxylic acid 296 

-4-carboxylic acid 297 

-6^arboxylic acid 296 

Isobornyl acetate 275, 279 

— amine 281, 287 

— chloride 266, 273, 274 
-formate 279, 286 

— isovalerianate 279 
Isobufocholanic acid 646 
Isobutenyl-dimethyl-cyclopropane 

carboxylic add 26 
Isobutyl'Cyclohexane 89 
-cyclopentane 47 
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Isocalotropagenin 645 
Isocalotropic acid 546 
Isocamphane 267, 274 
Isocamphenilanic acid 267, 319 
Isocamphodiene 265, 279 
Isocampholactone 311 
Isocampholenic acid 303 
Isocampholic acid 303, 304 
Isocampholytene 313 
Isocamphor 61, 287 
/i-Isocamphor 281 
Isocamphor quinone 237 
Isocamphoranic acid 3] 5 
Isocamphoric acid 808, 315 
Isocamphorone 302 

Isocamphoronic acid 264, 284, 293, 
296, 301, 815 
Isocantharidin 486 
Isocarthamidm 437 
Isocarthamin 436 
Isocarvenene 210, 211 
Isocarvomenthol 218, 232, 233 
Isocarvomenthone 232, 288 
Isocarvomenthylamine 228 
Isocaryophyllene alcohol 330 
IsoconvaUatoxin 542 
Isocurcumin 437 
Isocyclene 276 
Isodacrene 337 

Isodehydro-apocamphoric acid 319 
-camphoric acid 309 
Isodigitoxigonic acid 530, 538, 539 
Isodigoxigenin 537 
Isodigoxigenmic acid 537 
Isodigoxigenone 537 
Isodihydro-laurolactone 311, 818 
- -tubaic acid 504 
Isodiprene 246 
Isodivaricatinic acid 385 
Iso-everninic acid 383 
Isofenchene 272, 278 
Isofenchocamphoric acid 275, 31 h 
I sofenchoic acid 278, 280 
Isofenchol 280 
Isofencholic acid 318 
Isofenchone 274, 275, 280, 318 
Isofenchyl acetate 272 

-methyl xanthate 272 

Isofenchylene 272, 278 
Isogitoxigenic acid 536 
Isogitoxigenin 533, 534, 585 
Isogitoxigeninic acid 635 
Isogitoxigenone 535 
Isohomocamphoric acid 260 
Isohumulic acid 47, 61, 400 
Isohydromellitic acid 149 
Iso-imperatorin 601 
Iso-inositol 104 
Iso-ionone 126 

Isoketocamphoric acid 264, 801 


Isoketopinic acid 291, 298 
Isolapachol 427 
Isolaurolene 52, 818 
Isolauronic acid 311, 318 
Isolauronolic acid 811, 313 
Isoleucopterin 476 
Isolomatiol 427 
Isomenthol 216, 217, 234 
Isomenthone 216, 217, 218, 228, 230, 
282, 233, 234, 235 
Isomenthylamine 217, 228 
Iso-neo- see Neo-iso- 
Isonitroso-camphor 289, 290, 292 
-—epicamphor 293 
-homocamphor 321 
-homoepicamphor 321 

- -santenone 320 

- -thiocamphor 288 

- -verbanone 261 
Iso-nortropinone 131 
Iso-neoxanthobihrubic acid 464 
Iso-olivil 397 

Lso-ouabam 542 
Iso-oxalyl-dibenzylketone 60 
Iso-oxypeucedanin 502 
Isoperiplogemc acid 638, 539, 540, 641 
Isoperiplogenin 538, 589 
Isophorone 116 

carboxylic acid 116, 136, 189, 206 
il^ophotosantonic acid 490 
laopimpinellin 498, 499 
Isopinene 271, 278 
Isopmol dibromide 260 
Isoprene 196, 200, 209, 325, 344 

- rubber 61, 346 
Isopropenyl-acetylcyclopentane 260 

--cyclohexadiene carboxylic acid 133 

-cyclohexanone 111 

-hexahydrobenzaldehyde 123 
Isopropyl-acetyl-cyclopentene 287 
-cyclopropane acetic acid 29 

- -cyclohexane 89 

- -diol 121, 124 

- -cyclohexanol 99, 101 

-cyclohexanone 110 

-cyclohexene 71, 95, 116 

-cyclohexenone 116, 212, 213, 224, 

225, 240, 262 

-cyclohexyl-pinacol 72 

—^-cyclopentadiene 241 

- -cyclopentane 47 

— — carboxylic acid 268 
-diol 58, 110 

-cyclopentanol 49, 52 

- -cyclopentanone 52, 268 

-cyclopentene 49, 87 

-cyclopentenone 57, 96 

-carboxylic acid 69 

-carboxy-acetic acid 32 

-propionic acid 33 
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Isopropyl cyclopentenone carboxylic 
acid 26 

-dicarboxylic acid 31 

-cyclopropanol 62 

—dihydro-benzoic acid 133 

-resorcinol 110, 112 

--heptanol-carboxylic lactone 233 

- - -hydroxy-coumarone carboxylic acid 

506 

Isopropylidene-acetylcyclopentane 260 

-camphor 300 

--cyclohexane 96 

-cyclohexanone 111, 116, 241 

-carboxylic acid 139 

-cyclopentane 49 

-cyclopentanone 52, 57, 151 

Isopropyl-methyl-dihydroxycyclohexane 
malonic dilactone 146 

-methylene-cyclopentene 50 

Isopulegol 203, 204, 221, 225, 226, 
236 

Isopulegone 226, 236 

— enol 236 

Isopyrovitamin Dg 566 
Isorhamnetin 447 
Isorotenone 505 
Iso-rubber 342 
Isosquamatic acid 386 
Isostrophanthidic acid 539, 540, 541 
Isostrophanthidin 540, 541 
Isostrophanthidinic acid 541 
Isotephrosin 510 
Isotetrahydroanemonin 479 
Isothevetm 531 
Isothujene 241, 242 
Isothujone 166, 244 
Isotubaic acid 504, 505 
Isotubanol 505 
Isovaleryl-camphor 299 

-glycolic acid bornyl ester 278 

Isoxanthobilirubic acid 464 
Isozingiberene 324, 325, 328 
Ivy 614 


Jack tree 446 
Jalape convolonlns 478 
Jalapic acid 353, 478 
Jalapinolic acid 353, 478 
Japan camphor 282 
Jasmine, wild 368 
Jasmone 46, 56, 57 
Java lemon olie 203 
Jerusalem cherry 412 
Josene 337 
Juniper oil 240, 261 
Juniperns species 412 
Junipeme virginiana 333 
Jnglam regia 426 
Juglene 426 


I Kalmia latifolia 359 
! Kalopanax ricinifolius 614 
I Kalo-saponin 614 
Kamala 496 
Kambodja-lac 394 

Kiimmerer’s porphyrin 467, 469, 462 
Kampferide 446 
Kampferin 446 
I Kampferitrm 446 
I Kampferol 446 
j Kaurene 337 
' Kawa root 407 

- resin 336 
Kawaic acid 434 
Kawain 434 

Keracyanin chloride 449 
I Kermes 407 

I Kermessic acid 430, 431, 432 
Kessazulene 331 
! Kesso root oil 331 
Kessyl alcohol 330, 331 

- ketone 331 

Keto-acetyl-dehydro-ursolic acid 519 
-ursohc acid 619 

- - -apocamphane carboxylic acid 297 
-bicyclo-octane 194 

-borneol 288 

-bornyl acetate 278, 204, 303 

— chloride 279 

- -bromofenchone 316 
-cholanic acid 666, 557, 668 

2- Keto-camphane <<eo Camphor 

3- Keto-camphane see Epicamphor 
10-Keto-camphane 292 
6-Keto-camphane-2-carboxyhc acid 297 
3-Keto-camphor see Camphor quinone 

5- Keto-camphor 288, 291, 293 

6- Keto-camphor 278, 280 
Keto-camphene 265 

-camphenilone 319 

-camphoric acid 164 

-cineole 220 

-copaenic acid 332 

-diazocamphane 292 

-dihydroteresantahc acid 291, 208 

-fencholenic acid 316 

-fenchone 316 

■ -gitogenic acid see Digitogenic acid 

- -hexamethylene 109 

-hydroxy-camphane see Hydroxy- 

camphor 

‘ —^-nopinone 262 

-norpinic acid 46 

-norpinone 260 

—-oleanic acid 617 
—-pentadecane 80 

—-pinic acid 264, 269, 292, 207, 319 

--aldehyde 28^2 

' Ketosis 585 
, Kiganene 328 
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E[nee-pine oil 246 

Kryptoxanthin 408, 412, 417, 663, 664 
Kuromoji oil 237 

Labdanum oil 110 
Laccaic acid 431 
Lac dye 431 
Laccaic acid 432 
Laccain 407 
Laccol 394, 478, 495 
Lactarazulene 330 
Ladarius delieiosus 330 
Lactoflavin 476, 672 

-phosphoric acid 674 

Laevo-pimaric acid 348 

-pyroabietic acid 360 

Lanosterol 648, 649 
Lapacho tree 426 
Lapachol 426 
Larch fungus 478 
Laricinic acid 349 
Latex 338 
Lathyrismus 376 
Laurel, Californian 246 
Laurocerasm 366 
Laurolene 313 
Laurolenic acid 309, 311 
Laurolo-lactone 309, 311, 313 
Lauronohc acid, Woringer’s 311, 318 
y-Lauronolic acid 311, 312 
Laurus nobilis 266 
Lavender oil 202 
Lawsone 426 
Lawsonia alba 426 
Lecanium ilicis 430 
Lecanora atra 384 
• - species 382 
Lecanoric acid 382, 383 
Ledol 166, 336 
Ledum camphor 166, 336 
Lemon oil 204, 208 
Lemon oliCf Java 203 
Lemongrass oil 201, 204, 206, 209 
Lepidinm sativum 367 
Leprosy see Mycobad. leprae 
Leuco-chlorophyll 471 
- -lactoflavin 672 
Leuconic acid 60, 103 
Leuco-pterin 407, 476 

-thelephoric acid 433 

Liana species 338 
Licareol 202 
Lieari kanali 202 
Lichesteric acid 880, 381 
Lichesterylic acid 380 
Lignite 337 
Lignite tar 88, 330 
Lignoceric acid 377 
Lignoceryl-sphingosine 377 
Lily of the valley 627, 642 


Lime oU 202, 323, 324 
Limonene 122, 207, 209, 213, 214, 215, 
219 223, 226, 227, 229, 230, 262, 
266, 281 
Limonetritol 223 
Limulus species 461 
Linaloe oil 202 

Linalool 200, 202, 209, 219, 337 
Linaloolene 201 
Lmamarin 362, 365 
Linaria vulgaris 443, 446 
Lmarin 443 

Linimentum saponato-camphoratum 282 
Linum usitatissimum 365 
' Lippia citriodora 200 
Liquiritigenin 360 
; Liquiritin 360 

! Litho-bilianic acid 664, 666, 657 
- -cholic acid 660, 553, 654, 667, 597 
Lithospermnm eryihrorrhizon 427 
Liver oils 662, 663, 666 
! Lobaria pulmonaria tenuior 383 
I Lobster claws 413 
I —shells 368 
Logwood 466 
; Loligo species 461 
. Lomatia tllieifolia 427 
j — longifolia 427 
Lomatiol 427 
Lonchocarpus nicon 603 
Longifolene 334 
I Longifolic acid 334 
Longifone 334 
j Lotoflavin 366, 444 
I Lotus arabicus 366, 444 
I Lotusin 362, 366, 442, 444 
Lumiflavm 672 
, Lumisterol 666, 667 
: Lupeol 338 
' Lupeone 338 
Lupins 363 
Luptnus species 376 
Lupuhn 61 

Lupulone 47, 128, 401, 496 
Lusitanicoside 366 
Luteic acid 392 
Lutein 408, 412, 414, 417, 420 
Luteohc acid 393, 398 
. Luteolin 444 
Lycoperdin 369 
Lycoperdon species 369 
Lycopersicum esculentum 412 
Lycopin 408, 411, 412, 415, 417, 418, 
564 

I Lycopmal 416 
Lyochromes 476, 672 
I Lytta species 486 

j MachUol 331 
' Machilus oil 331 
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Maclurin 451 
Madder 407, 428 
Mahogany tree 413 
Maize 355, 412 

— germ oil 605 
--seed oil 569 
Mallow, common 451 
Malloitts philippensis 496 
Malol 619 

Malt 605 

Malva sylvestris 451 
Malvidin chloride 451 
Malvin chloride 451 
Mandarin 412 
Mandelic acid 365, 366 

— nitrile 365 

-gentiobioside 365 

-glucoside 365 

Mangifera indiea 452 
Mangostin 452 
Manihot Glaziovii 338 
Manool 337 
Marigold, French 448 
Marmo-bufagin 546, 547 

-bufotoxin 546, 647 

Marjoram oil 224, 240 
Mataireainol 397 
Mateza roritina 104 
Matezitol 104 
Matricaria parthenium 283 
-- camphor 283 
Meat extract 375 
Mecocyanin chloride 449 
Mehidi 426 
Melanin 407, 473 
Melanorrhoea laccifera 394 

— usitata 394 
Melanuria 472 
Melilotoside 357 
Melilotus aliissima 357 

— arvensis 357 
Meloe species 485 
Menispermum eocculns 491 
Mentha arvensis var. piperascens 216 

see also Peppermint, Japanese 
- canadensis 235 

— crispa 121 see also Spearmint 

— piperita 216 see also Peppermint 

— putegium 235 see also Pennyroyal 
zli>8(»).jxj.i|jejitjiadiene see Sylvestrene 
/|«»8(»)-m-Menthadiene see Diprene 
^i»*-p-Menthadiene see a-Terpinene 
zJ^»*-p-Menthadiene see ^/-Terpinene 
ji>4(8).p.Menthadiene see Terpinolene 
ji*B.p.Menthadiene see a-Phellandrene 
ji(7),s.p.Menthadiene see /9>Phellandrene 
ji(7),8.p.Menthadiene see /^-Terpinene 
Jii8(9).p.Menthadiene see Limonene, Pi- 

pentene 

id>*8(»)-p-Menthadiene 213 


J*»8(»)-p-Menthadiene 213 
J«»8(»)-p-Menthadiene-2-ol see Carveol 
J«.8(0)_p.Menthadiene-2-one see Carvone 
m-Menthane 91, 214, 218 
o-Menthane 216 

p-Menthane 89, 91, 216, 226, 231, 248 
Menthane-acetic-lactone 146 
I Menthane-diol-1,4 221 
I -1,8 219 see also Terpin 

I -2,3 237 

-2,4 225, 242 

-2,8 221, 259 

-malonic diactone 145 
1 - -tetrol-1,2,4,5 223 

I -1,2,4,8 223 

-1,2,6,8 259 

-1,2,8,9 223 

; -triol-1,2,4 222, 224, 234 

I -1,2,8 222, 223, 234 

I -1,3,4 222, 224 

I- 1,4,8 222 

-1,8,9 222, 224 
_2 8 9 221 

p-Menthanol 216, 218, 219, 224 see also 
Menthol, Carvomenthol etc. 
Menthanonol 244 
Menthazine 228 
/d^-p-Menthene 95, 214 
/13-p-Menthene 95, 214, 215, 217, 228, 
230, 233 

J4(8).p.Menthene 215 
j id®(®)-p-Menthene 215 
I J^-p-Menthene-diol-6,8 259 
Zl®(®)-p-Menthene-dione-2,6 239 
Menthene glycol 215, 221, 225 
— oxide 230 
I — peroxide 226 
: Menthenol (general) 132 
' Zl^-p-Menthenol-4 see Terpmenol-4 
j zl^-p-Menthenol-6 235 
I /l^-p-Menthenol-S see a-Terpmeol 
J2.p.Menthenol-l 225 
id8_p-Menthenol-l see Terpinenol-1 
/13-p-Menthenol-2 see Carvenol 
zl®-p-Menthenol-3 see Menthone enol 
Z|2_p-Menthenol-8 225 
id*(8)-p-Menthenol-l see y-Terpineol 
zl^(®)-p-Menthenol-3 see Pulegol 
.(d®(*)-p-Menthenol-l see ^-Terpineol 
J8(9)_p_Meiithenol-2 see Dihydrocarveol 
j8(»)-p-Menthenol-3 see Isopulegol 
o-Menthenone 261 
J^-p-Menthenone-3 see Piperitone 
J^-p-Menthenone-6 see Carvotanacetone 
2|i(7)-p-Menthenone-2 see Santolinenone 
J8.p.Menthenone-2 see Carvenone 
J^-p-Menthenone-3 233 
d^(8)-p-Menthenone-3 see Pulegone 
J8(9).pp]||(eQthenone-2 aee Dihydro- 
caryone 
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JB(’)-p-Menthenoiie>3 see Igopulegone I 
Mentho-citionellal 204 I 

— -citroneUol 231, 232 ! 

~ -furan 226, 236, 236 | 

Menthol 214, 216, 216, 227, 230, 231,234 ! 

— tertiary 218, 219, 224 
Mentho-menthene 214 
-naphthene 216 

Menthone 110, 204, 216, 216, 218, 227 1 
228, 280, 235, 236 

--enol 231 i 

— “normar* 231 
Menthonenic acid 232 
Menthonenonitrile 232 
Menthonylamme 232 
Menthoximic acid 231 
Menthyl amine 227, 228, 231 

chloride 216, 217 
citrate 217 
ethoxyacetate 217 
isocyanate 227 
hydrazine 227 
-methyl xanthate 216, 217 
Meso-aetio-porphyrin 461 

- -bili-cyanin 466 
-erythrin 466 

- - -rubin 464, 466 i 

-rubinogen 463, 466 ' 

-carboxy-camphenilolic acid lactone , 
296 i 

— -haemin 467 

-raethylene-cycloheptane 181 

—cyclohexane 180 i 

-cyclo-octane 181 j 

-cyclopentane 180 1 

-porphyrin 457, 459, 461, 462, 468 
-porphyrinogen 457 
Methaemocyanin 461 
Methaemoglobin 459, 474 
Methone 112 
Methoxy-cyclohexene 99 

— -cyclopropane dicarboxyhc acid 30 
-isobergapten 499 

-vulpinic acid 440 

Methyl-abietin 350 
-—acetyl-cyclohexane 121, 124 

--carboxyUc ester 138 

--cyclohexanone 124, 234 

-cyclohexene 126, 324, 326 

— cyclopentane 48, 60, 101 

-carboxylic acid 20, 69 

-cyclopentene 61 

-allyl-cyclohexane 96 

.—cyclohexanone 110 

-cyclohexene 96 

-amyl-cyclopentanone 66, 67 

-cyclopentenone 67 

-amino-cyclopentane carboxylic acid 

67 

--epicamphor 290 


Methyl-arbutin 365 

- benzoyl’Cyclopentanone 62 

-phenyl-cyclopropane, dicarboxy- 

lic acid 30 

-bicyclo-butane tricarboxylic acid 163 

-heptane 166, 186 

-nonane 196 

--octanol 320 

-octenone 194, 321 

-bixin 411 
--bomeol 300, 318 
—bromo-cyclohexane 91 

--carboxylic acid 130 

—butadiene 200 

-calotropin 544 

1-Methyl-camphene 300, 318 

3- Methyl-camphene 266 

4- Methyl-camphene 300 
m-Methyl-camphene 266 
Methyl-camphenilol 263, 276, 279, 286 

3- Methyl-camphor 296 

4- Methyl-camphor 800, 316 
3-Methyl-camphor carboxylic ester 294, 

295 


Methyl-camphoric acid 308 

-imide 307 

—chlorocyclohexane 91 
-chlorophyllide 467 
-cholanthrene 668 
—cichoriin 368 

- -cyclene 276 
-cyclobutane 35 

--cyclobutene 23, 36 
—cyclogeraniolene 95 

-cycloheptane 70 

--cycloheptanol 70, 71- 

-cycloheptanone 72 * 

—cycloheptene 70, 73 

- --cycloheptenone 73 
-cyclohexadiene 97 

-cyclohexadienyl-acetic acid 134 

--cyclohexane 88, 89, 90, 92 

-acetyl-carboxylic ester 130 

--dicarboxylic ester 130 

-carboxyhc acid 90, 180 

- —dicarboxylic acid 140 

-diol 101, 121 

-dione 111 

--spiro-cyclopropane dicarboxylic 

acid 167 

-cyclohexanol 94, 99, 100, 109 

— acetic acid 137 
-carboxylic acid 136 

- - propionic acid 137 
-cyclohexanolone 111 

-cyclohexanone 87, 90, 100, 101, 107, 

108,109,110,115,117,134,144,216» 
218, 226, 226, 230, 235, 324, 326 


-acetic acid 138 

-carboxylic acid 137, 188 
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Methyl-cyclohexanone dicarboxylic 
acid 146 

-diol 97, 111 

-cyclohexene 98, 94,97,101,107,116, 

171 

-chlorhydrin 100, 104 

-oxide 104 

-cyclohexenol 106 

-cyclohexenolone 117 

-cyclohexenone 101, 111, 114, 116, 

117, 134, 196, 261, 342 

-carboxylic acid 139 

-cyclohexenyl-acetic acid 134 

-cyclohexyl-carbinol 120 

-diol 94, 121, 122 

-hydrazine 106 

-cyclohexylidene-acetic acid 134 

—cyclo-octanol 76 

-cyclo-octene 76 

-cyclopentadecanol 81 

-cyclopentadecanone 80, 81 

-cyclopentadecene 80 

-cyclopentadiene carboxy-propionic 

acid 67 

-cyclopentane 36, 47, 5C, 61, 88, 90, 

217 

-acetic acid 268 

-carboxylic acid 62 

-chlorohydrin 63 

' diacetic acid 67, 169 
--diol 62 

-spiro-cyclohexanedione 160 

-cyclopentane-dione 168 

-diketo-cyclopentane dicarb¬ 
oxylic acid 169 
-trione 

-cyclopentH lol 47, 49, 61, 62, 63 

-acetic aCid 68 

-cyclopentanolone 67, 68 

-cyclopentanone 47, 49, 62, 66, 87, 

161, 306 

-carboxylic acid 66, 68, 316, 317, 

488 

-cyclopentene 49, 62, 63, 61 

-acetic acid 49 

-diol 63 

-oxide 62, 63 

-cyclopentenolone 67, 68 

-cyclopentenone 67 

-cyclopenteno-phenanthrene 613,620, 

623,626,626,689, 646, 646, 647,663, 
667 

— cyclopentenyl-acetic acid 61, 66 

-acetone 61 

-cyclohexane 161 

-cyclopentyl-acetic acid 268 

-amine 48 

-cyclohexane 161 

-cyclopentylidene-acetio acid 61, 66 

-acetone 61 


Methyl-cyclopentyl iodide 63 

-malonic acid 64 

--cyclopropane 23 

-carboxylic acid 26 

-dicarboxylic acid 30 

— — glyoxyhc acid 26 
-tricarboxylic acid 31 

-cyclopropano-cyclopropane tricarb¬ 
oxylic acid 163 
-cyclopropene 24 

- - - dicarboxyhc acid 31 

-cyclopropyl-ethylene 28, 26 

— -glyoxylic acid 28 

- -decalin 171 

-dichloromethyl-cyclohexadienone 

119, 210 

- -dihydro-mangostm 464 

-resorcinol 112 

-trimesinic acid 149 

-dihydroxy-camphane 291 

-cyclohexanone 97, til 

—^-dimethoxy-flavone 361 

-{dimethyl-heptadienyl)-cyclohex- 

enone 117 

- -endomethylene-cyclohexane 186 

-tetrahydrophthalic anhydride 187 

Methylene-bicyclo-heptane 185 

— --heptene 185 

- -bis-cyclopentanone 66 

-camphane 297 

-camphor 295, 299 

-camphomethylamine 295 

-cyclobutane 23, 86, 54 

-cy do butene 36 

-cycloheptane 70, 72 

-cyclohexane 70, 94, 121, 122, 123, 

183 

-glycol 94, 121, 122 

'-cyclopentane 49, 64, 65 

-mtrosochloride 64 

Methylenedihydroxy-kawain 434 

— -methyltetralin carboxylic acid 494 
Methylene-dunethyl-cyclohexane 96 
-norcamphane 263 

-isopropyl-cyclohexanone 111 

-methyl-dicMoromethyl-cyclohexa- 

diene 119 

-norcamphane 186 

-suberane 70, 72 

Methyl-ethyl-cyclohexane 89 

-diol 102 

-cyclohexanone 110 

-cyclohexene 96 

-cyclohexenone 116 

-cydopentadiene 61, 67 

-cyclopentane 48 

-cyclopentanol 49, 62 

-cyclopentanone 66 

-cyclopentene 48, 49 

-cyclopropane 23 
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Methyl-ethyMecalin 487 

-ethylidene-cyclohexane 125 

-cyclopentane 49 

-cyclopropane 23 

-fulvene 60 

-exaltol 81 

-exaltone 80 

-fenchocamphorol 272 

-fenchol 266, 300, 818 

-filicinic acid 399 

—glucoside 363 

-- -heptenone 203, 205, 207, 220, 221, 
416, 603 

-hexahydro-acetophenone 121, 124, 

234 

-benzaldehyde 123 

-hexyl-cyclohexenone 116 

—-homonorcamphoric acid 320 

-hydro-cotoin 461, 462 

-rubber 341 

-hydroxy-cyclohexane carboxylic 

acid 136 

-cyclopentane carboxylic acid 87 

-hydroxyethyl-cyclohexane 87 

-cyclopentane 87 

-unino-epicamphor 290 

-inositol 104 

-iodo-cyclohexane 91, 94 

-ionone 206 
—isoaesculin 368 

- - -isoamyl-cyclohexanol 101 
.isobomeol 266, 300, 318 

' -isobutyl-cyclohexanol 101 

-cyclohexenone 116 

-isocamphoronic acid 316 

-isofenchene 318 

-isofenchol 318 

-isofenchylene 318 

-^isohexenyl-cyclopropane 24 

- --isopropyl-bicyclo-hexane 166 
-nonane 196 

-cyclohexane 89, 90, 91, 216, 216 

-dione 210 

-cyclohexanone carboxylic ester 

138 

-cyclohexene 96 

-cyclohexenone 116 

-oyclopentadiene 61 

-cyclopentane 48, 241 

“-carboxylic acid 237 

-cyclopentanol carboxylic acid 68 

--cyclopentanone 66 

-cyclopentene 61 

--hexahydrophenol 216 see also 

Carvomenthol, Menthol etc. 

-naphthalene see Eudalene 

-succino-succinic ester 147 

-menthone 232 

-^methoxy-salioylate 356 

-(methylcyclopeniyl)-carbinol 49 

Bicbter-AnschUtz 11. 


Methyl-methylene-cyclohexane 93, 96 

:-cyclopentane 49 

-nitrocyclopentane 48, 68 

I-nopinol 267, 268 

-nopinone 262 

: -norcamphor 22, 186, 271, 316, 318, 

I 320 

i-norcaradiene carboxylic-acid 166 

I-octenyl-hydroxy-benzoquinone 422 

I Methylol-camphene 266 

I-cyclopentimol 68, 64 

!-hexahydrobenzoic acid 181, 140 

j -trimethyl-cyclohexene 122, 208 

I Methyl-orcinol carboxyhc acid 381, 384 

I -pentadienyl-cyclopentanolone M 

j -pentenyl-cyclopentenone 67 

j-phaeophorbide 468 

j-propionyl-cyclopropane 28 

j -^propyl-cyclohexanol 101 

I -cyclohexanone 110, 231 

: -cyclopropane 23 

I -succmo-succinic ester 147 

: -pseudoionone 206 

-reductic acid 644 
-sabinaketol 241 

— salicylate 356, 366 
-santene 280 

-santenone 318 

—-tetrahydro-acetophenone 126, 324, 
326 

-phenylglycidic acid 137 

-trimesinic acid 149 

-tetralone carboxylic acid 492 

-^trichloromethyl-cyclohexadienone 

119 

- -tropane 71 

-vinaconic acid 29 

Methysticin 434 
Millettia tawaniana 603 
Mimnsops batata 347 
Mirene 337 

Monarda didyma 391, 449 

— fistttlosa 422 

Monardaein chloride 391, 449, 460 
Monotropa hypopUys 366 
Monotropidin 3^ 

Monotropitoside 356 
Moreakol 394 
Morin 446 

Morinda species 430 
Morindm 430 
Morindone 430 
Moms iindoria 446 
Mountain ash berries 412 
Mucoitin-sulphurio acid 370 
Mucus, intestinal 679, 603 
Mullein flowers 413 
Multiflorin 446 
Munjistin 428 
Murex brandaris 407, 472 

41 
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M.vartx imnculna 407 
Mnrraya Koenigii 240 
lluBcane 80 
Musoarufin 425 
Muscene 80 
MuBcle tissue 103, 374 
Huscol 80 
Muscone 78, 80 
Musk 78, 82 

— glands 80 

Mussel shells, colouring matter 461,463, 
467, 472 

Mustard oils 367, 368 

— seeds 367, 368 

Mycobact, Uprae 17, 36, 44, 47, 66, 479, 
481 

— tuberculosis 47, 66, 103, 364, 373, 612 
-fat 648 

Myrcene 200, 326, 337 
Myriea species 448 
Myricetin 402, 404, 448 
Myricitrin 448 
Myristyl-citric acid 381 
Myrobalans 392, 393 

— extract 379 
Myrosinase 367, 368 
Myrtanol 258 
Myrtenal 229, 258, 260 
Mrytenol 268, 260, 336 
Myrtenic acid 260 
Mrytenyl chloride 268 
Myrticolorin 447 
Myrtle oU 268 
Myrtillidin chloride 450 
Myrtilhn chloride 450 
Mytilitol 104 
Mytilus edulis 104 

Naphthalene 3, 171, 176 
Naphthenes 64 
Naphthylenes 92 
Naphthenic acids 47, 64, 129 
Nametkin rearrangement 266, 267, 297, 
300 

Naringenin 360 
Naringi 360 
Naringin 360 
Nasol 217 

Nasturtium officinale 368 
Nataloin 430 
Nectandra coto 461 
Neo-bilirubic acid 466 
—bomyval 278 

— -carvomenthol 218 

-carvomenthylamine 228 

— -ergosterol 668 

-^isocarvumenthol 218 

—^isocarvomenthylamine 228 

— -isomenthol 216, 217, 228 
-^isomenthylamine 228 


Neo -isoxanthibilirubic acid 464 

— -menthol 216, 217, 226, 228, 230, 
231 

-menthylamine 228 

-oxycarotene 416 

-semitruxinonic acid 46 

-truxinio acid 43 

-xanthobilirubic acid 464 

Neral 206 

Nerium oleander 627, 636 
Nerol 202, 204 
Neroli oil 202, 323 
Nerolidol 174, 322, 823, 324 
Nervon 377 
Nervonic acid 377 
Nerylidene-cyanacetic acid 206 
Nephromopsis endocrocea 429 
Netoric acid 606 
Night-blindness 663 
Nitrite body 464 
Nitro-bergapten 497 

-camphane 278, 287 

-camphene 264, 266 

-camphenilane 276 

-camphor 288, 308 

-chlorcamphor 287 

-cyclohexane 63, 106, 109 

-cyclopentane 48 

-cyclopropane 24 

-- -decalm 173 

-diacetyl-cyclopentadieno 61 

-hydroxy-dihydro-trimethyl-brasil- 

one 456 

-menthone 231 

-methyl-cyclohexane 106 

Nitro-a-phellandrene 212, 218 
—-j5-phellandrene 124, 218 

-pinene 266 

Nitroso-camphidone 307 

-zl*-carene 247 

—menthene 233 

-menthone 231, 236 

—nopinone 267 

— -pinene 266, 257, 260, 261, 262 
Nitro-terebenthene 266 

-xanthotoxin 498 

Nitroxy-haemoglobin 459 
Nodakenetin 500 
Nodakenin 368, 600 
Nona-naphthene 89, 91 
Nonoaoetyl-8olanidin(t)-glucoside 
-galactoside 378 
Nopinane 257 
Nopinene 266 
Nopinic acid 133, 266 
Nopinol 262 

— acetic acid 266, 262 

Nopinone 116, 116, 223, 266, 267, 262 
Nor-barbatinic acid 384 
-bomeol 185, 270, 821 
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Nor>bomylamine 273, 321 | 

--bomylane 186, 246, 278 

-bomylene 22, 86, 181, 270 

-aldehyde 286 

— -camphane 180, 185, 246, 278, 321 
-aldehyde 186, 263, 286 

' —carbinol 186 

-camphor 181, 183, 186, 186, 285, i 
319, 820 

-camphoric acid 63, 820 

-caperatic acid 381 

— -caradiene-carboxylic acid 74, 166, 
249 

-carane 246 

— dicarboxylic acid 166 I 

-caryophyllenic acid 329 ' 

— -cedrene dicarboxylic acid 334 ! 

-ketonic acid 334 | 

—cholene 668 

-eksantalic acid 333 

-ephedrine 32 

Nori species 466 

Nor-lapachol 427 

Norpinane 185, 246, 260 

Norpinic acid 34, 45, 184, 250, 268, 257 

Nor-nibber 346 

-sabinane 53, 240 

---stictic acid 388 
Novic acid 618 
Novurite 307 

Nucleic acids 373 I 

Nucleoprotein 371 I 

Nutriacholic acid 550 

Oak moss 382 
Oats seed oil 669 
Obtusatic acid 383 

Ochronosis 462, 472 ; 

Ocimene 200 | 

Ocimum basilicum 200 , 


Oldenlandia umbetlata 428 
Olea ewopaea 396 
Oleander, yellow 631 
Oleandrin 626, 686 
Oleanolic acid 614 

— lactone 614 
Oleum cadinum 327 

— camphoratnm 282 

— cinae 220 

— sabinae 242 
Olibannm species 519 
Olibanum oil 260 
Olive resin 396 
Ohvetol 389 

— carboxylic acid 381, 389 
Ohvetonic acid 381 
Olivetonide 389, 390 
Olivetoric acid 389 

OUvil 396 
Ononetin 361 
Ononin 361 
Ononis spinosa 361 
Onospin 361 
Oocyan 467, 466 
Ooporphyrin 466, 461, 462 
Opodeldoc 282 
Opoponax oil 324 
Opsop 3 rrrole 468 
Orange blossom oil 202, 323 
Orange tip butterfly 476 
Orasthin 601 

Orcinol dicarboxylic acid 381, 389 

Oreosolone 500 

Origanum oil 202 

Orobanche rapum 392 

Orobanchin 392 

Orris, Florentine 127, 363 

Orsellinic acid 381, ^2 

Oryzanin 669 

Osthenol 600 


Ocotea candaia 202 
Octachloro-cyclohexenone 117 
Octahydro-carbostyril 133 
-naphthalene 173 

-trianhydro-periplogenin 533, 689 

Octahn 81, 144, 161, 170, 171, 178,174 
---diol 160 
Oota-naphthene 89, 90 

-naphthylene 166 

Octo- see Octa- 
Octoptts species 461 
Octyl-cyclopentane 48 
— -cyclopentene 48 
Oenidin chloride 461 
Oenin chloride 461 
Oestradiol 692, 694 
Oestriol 698, 694 
Oestrone 679, 691, 692, 696 
Oil shale 471 

Oils, essential (volatile) 196 


! Osthol 499, 501 
Ostholic acid 499 
Ostreasterol 548, 549 
I Ostruthin 499, 608 
I Ostruthol 608 
Osyris compressa 447 
I Osyritrin 447 
I Ouabagenin 626, 629, 642 
! Ouabain 626, 642 
! Ovary 679, 691 
I Ovoflavin 476 
j Ovomucoid 370 
! Ox gallstones 412 
I Oxalyl-dibenzylketone 60 
; Oxaphor 291 
j Oxido-cineole 227 

I-^menthane-diol 227 

I Oxomenthylic acid 217, 281 
I Oxy-carotene 416, 421 
I — ohlororaphin 474 
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Oxy-oocoicyanin diloride 450 
Oxycoems macrocarpns 450 
Oxy-digitogenic a^sid 624 

-haemocyanin 461 

-haemoglobin 459, 474 

-methaemooyanin 461 

-peucedanic acid 502 

-peucedanin 499, 602 

-hydrate 602, 603 

-tocin 679, 601 

P—P factor 676 
Paeonia officinalis 450 
Palaquinm Gutta 347 

— obhngifolium 347 
Palmarosa oil 201 
Panax repens 514 
Panaxin 614 
Pancreas 376 
-'-hormone 679, 686 

— nucleoprotein 373 

— nucleotide 374 
Pansy 413, 447, 460 
Papaver rhoeas 449 
Paprika 412, 413, 576 
Para-camphoric acid 308 
Paracotoin 434, 461 
Paramaecians 612 
Parathormone 679, 602 
Parathyroid gland 679, 697, 602 
Parellic acid 386 

Parigenin 626 
Parillin 520, 626 
Parinic acid 387 
Parmelia caperaia 388 

— cetrata 387 

— conspersa 387 

— oliveiorina 389 

— parietina 429 

— physodes 389 

— saxtilis 387 

— species 382 
Parley 444 

Parthenium argentatum 338 
Patchouli alcohol 336 

— oil 336 

Paxillus atrotomentosus 424 
Pear leaves 366 
Peebolinarin 446 

Pectuneulas glyeymeris 414 footnote 4 
Pelandjauic acid 395 
Pelargonidin chloride 391, 449 
Pelargonin chloride 449 
Pelargonium oil 201 
Pelargonium odoratum 364 

— zonaU 449 

Pellagra preventing factor 676 
PeUitorin 406 
Pellitory of Spain 405 
PenieiUinm cUrinum 423 


PenicUdium Inienm 392 

— species 422 
Pennyroyal oil 110, 236 
Pentabromo-cyclobutane 36 

— -cyclohexenol-dione 113 

-cyclopentanone 66 

Pentacetyl-leuco-thelephoric acid 433 
Pentachloro-cyclohexenedione 117 
Penta-cyclopentadiene 190 
Pentadecyl-cyclohexane 395 
Pentahydroxy-flavane 402, 408 

—■>flavanol-3 404 

— -f lavonol-3 404, 448 
-flavylium chloride 449 

—methyl-anthraquinone 430 
Pentaketo-cyclopentane 60 
Pentalane 167 

Pentamethyl-acetyl-cyclopentene 61 
Pentamethylene 1, 47 
(Pentanone-ylene)-benzene 176 
Pentaphenyl-cyclopentadienol 62 

-cyclopentadienyl 62 

Pentaspodon Molleyi 395 
Pentol 60 

Peonidin chloride 450 
Peonin chloride 460 
Peony 460 

Pepper, Cayenne 405 

— Indian 406 

— Spanish 406 

Peppermint eucalypts 224, 225, 233 
—^oil, American 216, 230 
-European 216 

— Japanese 110, 216, 217, 230, 233 
-Russian 230 

Percamphoric acid 308 
Perchlorocyclopentene 48 
Perezia species 422 
Perezinone 327 
Perezone 327, 422 
Perhydro-crocetin 416, 417 

— - -fluoranthene 179 
—^-lycopin 416 

- -norbixin 416, 417 

-triphenylene 109, 126, 179 

—vitamin A 417 
PeriUa oil 229 
Perillalcohol 121, 229 
Perillaldehyde 122, 124, 229, 260 
Perillic acid 122, 229 
Periploea graeca 627, 639 
Periplocin 526, 689 
Periplocymarin 639 
Periplogenin 626, 629 638, 689 
Peristaltin 364 
Peri-truxonic acid 46 
Periwinkle 446 
Pernambuco wood 464 
Pemitrosocamphor 287 
Peroxidase 407, 466, 469, 461 
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Peru balsam 323 
Peruviol 323 
Petitgrain oil 202 
Petroleum (general) 64 

— Borneo ^ 

— Californian 64, 65 
Caucasian 47, 64, 88, 89 

— Galician 90 
~ German 64 

Japanese 64 

— New Zealand 88 

— Rumanian 52, 56, 64, 65 
Petunia hybrida 450 
Petunidin chloride 450 
Petunin chloride 450 
Peucedanin 478, 497, 500 
Peueedanum decarsivum 500 

— officinale 500 

Peziza aeruginosa 433 ! 

Phaeo-haemin 460 

-phorbide 467, 470 

-porphyrins 460, 469, 470 , 

PhaUttsia manniUeda 461 
Pharbitic acid 352, 353 
Pharbitis nil 353 
Phaseolunatin 352, 365 
Phaseolus lunatus 365 

- vulgaris 103 
Phaseomannitol 103 

Phellandral 229 i 

a-Phellandrene 86, 200, 207, 212, 214, 
225, 235 

/5-Phellandrene 86, 115, 212, 256 
Phellandrene glycol 122, 229 

— nitrosochloride 124 
Phenanthrene 3,178 

-per-(tetradeca-)hydride 178 

Phenol-camphor 282 

— Chlumsky’s solution 282 
Phenose 104 , 

Phenyl-acetyl-cyclohexane 125 

— -cyclopentane 60 

-camphene 266 j 

-camphor 300, 315 

- -camphoric acid 308 j 

— -coumarin 452 | 

-cumalin 434 

-cyanocyclopropane 27 

-cyclene 276 

-oyclobutene 36 

-- -cyclohexane 91, 102 

-cyclohexanone 64 | 

--cyclohexene 95 

-oxide 64 ! 

-cyclopentane 48 

— - ---aldehyde 54 | 

-carboxylic acid 63 

--diol 62 I 

-trione 60 j 

-cyclopentanone carboxylic acid 68 j 


Phenyl-cyclopentene 49 

-cyclopentenone 67 

-cyclopentyl-alkanes 48 

- cyclopropane 24 

- —carboxylic acid 26 
-dicarboxylic acid 32 

— tricarboxylic acid 33 

-dihydroresorcinol 112 

-ethoxycyclopropane dicarboxylic 

acid 32 

-ethyl-isothiocyanate 368 

—isobomylamme 281 

-isocamphoronic acid 315 

-methyl-cyclopentane aldehyde 54 

-carboxylic acid 63 

-pyridone 434 

-tetrahydrophthalide 131 

Phlobaphenes 404 
Phloraspin 400 
Phloretic acid 359 
Phloretin 359, 360 
Phloroglucitol 102 
Phlorrhizin 352, 359, 436, 496 
Phorone 116 
Photina serruMa 366 
Photo-santonic acid 490 
Phoxinus laevis 601 
Phrenosine 352, 376 
Phthionic acid 364, 478 
Phyco-cyan 466 
—-cyanobilin 466 
--erythrin 466 

- -er^hrobilin 466 
Phyllo-aetioporphyrin 468 
-dulcin 358 

-erythrin 469 
-merol 494 
-meronic acid 494 

- -porphyrin 468 
--pyrrole 468 
--xanthm 414 

Physalien 412, 420 
Physalis species 412 
Physodic acid 389 
Physodone 389 
Phytin 103 
Phyto-chlorin 468 

-hormones 604 

Phytol 323, 337, 417, 467 
Phyto-rhodin 468 

-sterol 364 

-sterolin 364 

Picea excelsa 348, 397 
Piceane ring 39, 253 
Picein 352, 355, 393 
Piceol 366 
Piceoside 352, 855 
Pico-fulvene 414 footnote 2 
Picro-crocin 124, 354, 478, 484 
-erythrin 382 
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Pioro-lactone 491 

-podophyllin 398, 492 

Picrotin 491 

— dicarboxylic acid 491 
-.ketol492 

— phthaldicarboxylic acid 492 
Picrotmic acid 491, 492 
Picrotoxin 478, 491 
Picrotoxinic acid 491, 492 
Picrotoxmin 492 

— dicarboxylic acid 491 
Picrotoxininone 492 

— dicarboxylic acid 492 
Picrotoxinonic acid 492 
Pieris brassicae 476 
Pilea oil 240 

Piznanthrene 336, 337, 848, 350, 351 
Pimaric acid 348 

Pimelic ketone see Cyclohexanone 
PimpineUa saxifra^a 498 
PimpineUin 499 
Pinane 257, 261 
Pinastric acid 391, 440 
Pine needle oil 115, 256, 277 

-Siberian 270, 277, 324 

-Swedish 245, 246 

— oil 219 
~ resin 349 

— root oU 246, 248, 256 

— wood oil 280 
Pineal gland 679, 608 

a-Pinene 34, 181, 184, 186, 209, 210, 
219, 229, 238, 240, 251 et seq., 256, 
267, 258, 269, 260, 262, 274, 278, 
279, 280, 301, 316, 342 
jS-Pinene 133, 185, 219, 255, 258, 269, 
261, 262 

<5-Pinene 261, 257, 258, 260, 261, 262 
Pinene dibromide 182, 251, 274 

— dichloride 251, 274 
tt-Pinene glycol 258, 259 
p-Pinene glycol 256, 259 
Pinene hydrate 266, 258 

— hydriodide see Bomyl iodide 

— hydrochloride (bomyl chloride) 262, 
266, 273, 274, 286 

-Mg compound 278, 280, 281 

-true 261, 266, 269, 274 

— nitrol*amine 256 

-aniline 256 

-benzylamine 266 

-piperidine 266 

— nitroso-bromide 256 
--chloride 266 

— oxide 258, 301 

— ozonide 2^ 

Pinic add 34, 39, 184, 258, 268, 261 
Pinitol 104 
Pino-oamphane 267 
-oampheol 258, 259, 262 


Pino-camphone 263, 267, 268, 269, 260, 
262 

-camphoric acid 261, 267, 261, 262 

-camphyl-amine 260 

-methyl xanthate 261 

-^trimethylammonium hydroxide 

261 

— -carveol 267, 258, 269, 260, 261, 262 
—-carvone 257, 268, 261, 262 

Pinol 269 

— chlorhydrin 262, 260 

— dibromide 260 

— glycol 260 

— hydrate 221, 262, 259 

— oxide 262, 260 

— tribromide 260 
j3-Pinolene 271, 276 
Pinolone 260 
Pinonene 247 

Pinonic acid 184, 251, 258, 266, 267, 
262, 316 

— aldehyde 253 

Pinononic acid 260, 268, 261, 262 
Pinophanic acid 298 
Pinoylformic acid 184, 258, 316 
Finns halepensis 349 

— lamberliana 104 

— larido 348, 349 

— hngifoUa 246, 334 

— maritima 349 

— moniana 115 

— palnsiris 280 

— picea 356 
-pinea 349 

— pumilio 116, 246 

— sylvestris 348 
Pinylamine 257, 258, 260 
Piperidino-cyclopentene 51 
Piperine 406 

Piperitol 226 
Piperitolenic acid 68, 234 
Piperitone 68, 218, 226, 230, 231, 283, 
234, 237 

Pipitzahoac roots 422 
Pipitzahoic acid 422 
Pirns commnnis 355 

— toringo 443 
Pirylene 36 
Pistazia catechin 402 

— tannin 404 

Pituitary, anterior lobe 679, 697, 598 

— median lobe 679, 597, 601 

— posterior lobe 679, 697, 601 
Phu^nta 692 
Plagiostomes 104 

Plant hormones 679, 604 
Plumbagin 426, 496 
Plnmbago rosea 496 

— species 426 
Podocarprene 337 
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Podocarpus apicatua Maiai 397 
Podophyllio acid 493 
Podophyllin 398, 478, 492 
Podophyllttm species 398, 492 
Podophyllo-merol 494 

-meronic acid 494 

~ -toxin 176, 398, 492 
Polyaniha rose 446 
Polycyclo-octadiene 76 
Polygonin 429 
Polygonum cuapidatum 429 

— tinctorinm 472 
Polymyrcene 200 
Polynmriiia ^allinarum 661, 570 
Polyporic acid 424 
Polyporua nidnlana 424 

— officinalia 381, 478 
Polyprene 341 
Pomegranate tree 393^ 

Poplar 443 

Popiilin 366 
Popultts iremula 366 
Porphyria 462, 463 

Porph^ins 466, 467, 401, 468, 470, 471 
Potassium myronate 367 
Potato 377, 460 
-darkening 473 
P—P factor 676 
Pregnanediol 660, 696, 596 
Primetin 443 
Primrose, Japanese 443 
Primula hirauta 461 

— modeata 443 
veria 366 

Primulaverin 366 
Primulic acid 612 
Primverase 366 
Primverin 366 
Proabietic acid 349 
Prodigiosin 467, 465 
Progesterone 679, 691, 596, 597 
Prolan A 699 
Propionyl-camphor 299 

-cyclohexanone 126 

-fenchylamine 281 

Propyl-camphor 300 

-cyclohexane 89, 91, 100 

-cydohexanol 99, 100 

-cyclohexene 98, 96 

-cyclohexanone 100, 110 

-cyclohexylamine 106 

-cyclopentanol 62 

-cyclopentanone 66 

Propylidene-cyclohexane 96 
Propylnopinol 269 
Prosoillaridm 643 
Proto^emonin 481 
—cetrario acid 387, 888 

— -cotoin 461, 462 
—^lichesterio acid 380 


Proto-physodone 390 

-^porphyrin 467, 469, 462 

Provitamin A 649 see also Carotenes 


I —D 666, 666 
I —Dg 666 
I Prulaurasm 366 
I Prunasin 366 


i Prunicyanin chloride 449 
i Prunol 619 
I Prunua lauroceraaua 365 
; —paeudoceraaua 360 
I —aerotina 447, 619 
I — species 366 
, Pseudo-ascorbic acid 677 

-baptigenin 362 

-baptism 362 

I --bufotalin 647 

-calotropagenin 645 

I-calotropic acid 646 

j —camphoric acid 305 

-cholestane 661 

'-inositol 104 

-ionone (aliphatic) 126, 205 
— (cyclic) 128 
i - —hydrate 120 
I — -irone 128, 205 

- -pelletierine 75 

' - -phenylacetic acid 78, 165, 249 
I - -purpurin 428 

-tetrahydro-anemonic acid 481 
I - -tolylacetic acid 166 
Paeudotsuga species 208 
Pseudo-xylylacetic acid 166 
Paoralea corylifolia 497, 498 
Psoralene 497 
Paoroma crasaum 386 
; Psoromic acid 386 
I Psychosine 376 
I Pteria radiaia 463 
I Pterin 476 

; Pterocarpns aantalinus 428 
I Ptyalin 366 
I Pulegene 236 
Pulegenone 236 
I Pulegenic acid 236 
j Pulegol 203, 225 

I Pulegone 110, 203, 213, 215, 218, 225, 
: 230, 231, 285 

- - enol 236 

— oxide 236 
Pulegylamine 229 
Pulenol 100, 120, 236 
Pulenone 110, 286 
Pulvinic acid 438 

— anhydride 440 
Pulvinolactone 60 
Pulvinone 60, 489 
Punica grantUum 393 
Purapura 378 
Purapuridin 378 
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Purapurin 378 

Purple of the ancients 407, 472 
Purpurin 428 

— carboxylic acid 428 
Purpuro-gallin 47, 50, 366, 425, 461 
—gallone 426 

‘ - -xanthin 428 

-carboxylic acid 428 

Pyocyanin 407, 478 
Pyrethrin 26, 478, 482 
Pyrethrolone 26, 33, 46, 66, 68, 488 
Pyro-abietic acid 360 
—^-calciferol 666 
—chinovic acid 617 

— -deoxy-bilianic acid 656, 669 

— -galUtol 102 

-guaiacin 396 

Pyronene 262 
Pyro-terebic acid 264 

-usnic acid 401 

Pyrro-aetioporphyrin 468 

-porphyrin 468 

Pyrus communis 356 

— toringo 443 

Quebrachitol 104 
Quebracho-catechin 402 
-tannin 402 

— tree 446 
Quercetagetin 448 
Quercetin 393, 402, 447 
Quercimeritrin 447 
Quercinitol 104 
Quercitol 103 
Quercitrin 362, 447 
Quercus cerris 393 

— infedoria 392 

- pcdunculata 393 

— tinctoria 447 
Qttillaia saponaria 618 
Quillaia saponin 518 
QuiUaic acid 613 
Quinic acid 128, 185, 391 
Quinic lactone 136 
Quinide 136 

Quinine bark, false 617 
Quinitol 83, 96, 102, 105 
Quinone-phellandrene 193 

— tetrabromide 113 

Radix Liquiriiiac 360 

— Pereziae 422 

— SarsapariUae 520, 626 

— Seammoniae 364 
Ramalic acid 383 
Ramalina dbtusaia 383 

— scopttlorum 388 

— species 386 

Ranunculua faponica 44, 379 
Rape seeds 367 


Red blood pigment 407 
i — cedar oil, American 229 
- - compound 472, 473 
I — pea galls 426 
j —wood 454 
I Reedmace 447 
i Reseda species 412, 444 
I Resin oil 49 
i Resorcitol 96, 102, 106 
Respiratory ferment, Warburg’s 460 
, Restharrow 361 
i Revertex 339 
i Revultex 339 
f Rhamnazetin 447 
Rhamnazin 447 
Rhamnetin 447 
I Rhamnicoside 430 
> Rhamnus cathartica 430 
i frangnla 429 
' - species 447 
Rhem 429 
i Rheochrysin 429 

, Rheum officinale 366, 392, 407, 429 
Rhizoninic acid 383 
Rhodmal 127, 201, 204 
Rhodinol 201, 206 

— glycol 201 

Rhodizonic acid 60, 103, 104 
Rhodocladonic acid 430 
j Rhododendron rosmarinifolium 447 
j Rhodo-porphyrin 468, 470 
' — -xanthm 163, 409, 411, 412, 419, 420, 
421 

Rhodymenia palmata 363, 466 
, Rhubarb 366, 392, 407, 429 
! Rhus coriaria 392 

— coiinus 446 

— semialata 393 

— succedanea 394 

— vernicifera 394 
Rihes embelia 422 

— sanguineum 449 
, Rice germ oil 569 

1 Rickets 664 
{ Rimuene 337 
I Risic acid 507, 609, 610 
I Robinetm 446 

Robinia pseudacacia 366, 443, 446, 446 
Robmin 446 
I Roecella species 382 
! — tinctoria 382 
! Rosa gattica 449 
I — muUiflora 446 

— rubiginosa 412 
Rose oil 201 
Rosemary oil 220, 277 
Rosin oil 88 

i — spirit 92 
I Rotenio acid 606 
I Rotenol 604, 505, 606 
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Rotenolone 606 
Botenone 478, 508 et seq. 

Botenonic acid 604, 606, 606 
Boteol 606 
Bottlerin 496 

Bubber 76, 77, 103, 200, 888 
Buberythric acid 4^ 

Bubiadin 428 

Bubixanthin 408, 412, 417, 421 
Bufescin 467 
Itnta graveolens 447 
Butin 447 

Sabina ketol 240 

— ketone 116, 116, 211, 240, 241 
Sabinane 166, 239, 240, 241 
Sabinene 32, 111, 210,211,221, 240,241, 

243 

— - glycol 240 

— - hydrate 241 
Sabinenic acid 240 
Sabinenilanaldehyde 240 
Sabinenilanic acid 240 

Sabinol 32, 166, 242, 243, 244, 484 
Sabinylglycerol 242 
Saffron 413 

— bitter 484 
-.wild 436 

Safran aquila 364 
Safranal 124, 206, 864, 420, 484 
Sage oil 220, 242, 251 
Sakuranetin 360 
Sakuranin 360 
Salazinic acid 887, 388 
Salicin 352, 855 
Salicyl alcohol 366 

— aldehyde 366 
Saligenin 366 
Salitligrin 362, 855 
Salipurpol 436 
Salipurposide 486, 496 
Salireposide 392 
Sahretin 365 

Salite 278 
Salix cinerea 366 

— helix 366 
-species 436 

Sallow 356 
Salmenic acid 414 
Salmin carboxylic acid 420 
Salvia coccinea 391, 449 
Salvianin 391 

— chloride 449 
Sambuctts nigra 366, 449 
Sambunigrin 366 
Samphire oil 210 
Sandalwood oil, Australian 335 

-East Indian 270,320,327,333,336 

Sandalwood, red 428 

Sanshool 406 


Santalene 188, 888 
Santalin 428 
Santalol 336 

Santalnm album 270, 320, 333, 335 
, — apicaium 336 

i Santene 22, 186, 186, 267, 270, 280, 319 
j — alcohol 320 
t — glycol 321 
I — diketone 189, 194, 320 
I — rearrangement 271, 280 
I Santenenic acid 320 
: Santenol 271, 280, 320 
Santenone 273, 280, 820 

— carboxylic acid 320 
1 — quinone 320 

! Santolina chamaeeyparissus 237 
' Santolinenone 237 
Santonigenic acid 489 
Santonin 176, 327, 332, 478, 488 

— ketodicarboxylic acid 488 

— oxide 488 

, Santoninic acid 488, 491 
Santyl 336 
Sapietic acid 348 
Sapindus mukorossi 614 

— saponin 612, 514 
Sapinic acid 349 
Sapogenin 513 
Saponalbin 614 
Saponaria officinalis 446 
Saponarin 446 
Saponin 362, 478, 512 
Sapotalene 888, 347, 613, 616, 617 
Sarcina lutea 414, footnote 4 
Sarcinene 414 ib. 

Sarmentocymarin 626, 587 
Sarmentogenin 626, 629, 633, 536, 587 
Sarmentogenone 637 
Sarsasapogenin 526 
Sarsasapogenone 626 
Sarsasaponin 620, 525 

Sarsaparilla root 363, 620, 625 
I Savm oU 240, 242 
I Saxifraga crassifolia 359 
Scammonia species 363, 478 
' Schinus oil 212 
SciUa maritima 643 
' Scillagenin 644 

a-Scillanic acid see Allocholanic acid 
Scillaren-A 548, 646 
Scillaridin-A 643 
Sclareol 337 
Sclareolic acid 337 
Scopoletin 368 
< Scopolia faponica 368 
Scopolin 368 

t Seorzonera hispaniea 367 
; Scurvy 661, 675 
I ScuteUarein 444 
I Scutellaria species 444 
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Tetra>cyolopentadiene 60, 190 I 

Tetracyclo-squalene 337, 888 j 

Tetra-deoahydro-prodigiosin 466 • 

Tetrahydro-abietic acid 349 , 

— -acetophenone 94, 124, 126, 137, 171 

-acetyl-toluene 125, 223, 224, 225 

-alantolactone 487 

■—anacardic acid methyl ether methyl | 
ester 394 

-anemonic acid 479 

-anemonin 479, 481 

—-anhydro-digitoxigenin 630, 582 

-digitoxigenone 531, 682 

-digoxigenin 637 

-digoxigenone 637 

-^nodakenetin 601 

-sarmentogenin 537, 638 

-sarmentogenone 637, 638 

-thevetigenin 631, 632 

-uzarigenin 633 

—-anthranilic acid 137 
-artemisin 490 

— -benzaldehyde 86, 122, 128, 128 
-benzene 83, 93, 94 

-benzoic acid 129, 130, 131, 135, 166 

-cadinene 327 ! 

— -carved 215, 216, 218, 232 I 

—-carvone 212, 218, 282, 235, 237, i 

238 I 

-carvylamme 228 

-- -caryophyllene 329 ! 

— -chlorocymene 231 I 

-citral 204 

-disulphonic acid 205 I 

-cumic acid 266 | 

-cuminaldehyde 123, 205, 213, 229, 1 

256 

-curcumin 437 

-derritol 509 

— -dicyclo-hexadiene 183 
-^pentadiene 60, 183 190 

- -digitaligenin 535 

-dipentene tribromide 224 

-elemolic acid 360 

-eremophilone 331 

-eucarveol 249, 250 

-eucarvone 260 
-eucarvylamine 260 

— - -geranic acid 206 

— - -geraniol 204 
-humulone 401 

— -hydratropic aldehyde 124 

-^hydroxy-benzoic acid 136 

-terephthalic acid 138, 146 

-ionol 126 

-ionone 126, 127 

-isoalantolactone 487 

-isophthalio acid 142 

—isoxylene 302, 306 i 

-^jasmone 66, 57 


Tetrahydro-kawain 434 

-laccol 394 

-^mangostin 463 

—^methyl-acetophenone 124 

-methylol-benzoic acid 141 

-^menthofuran 226 

— -moreakol 394 

- -osthol 499 

-pelandjauic acid 396 

-peucedanin 600 

-phthalic acid 140, 141, 142 

— -phthaJide 136, 141 
-piperine 406 

-^pyrethrolone 483 

-pyrethrone 56, 57, 483 

-quinone 112 

—sanshool 405 

- -santalylacetic acid 335 
-santonilide 488 

-santonin 488 

- -selinene 328 

- -spilanthol 406 

-terephthalic acid 142, 143 

-thitsiol 394 

-m-toluic acid 182, 213, 214 

—-o-toluic acid 132 

-p-toluic acid 182, 213, 226 

--trihydroxy-benzoic acid 136 
--tubaic acid 600, 504, 606, 509 

- -tubanol 604 
-uzarigenone 633 

--xylene 97 

-xylic acid 132 

Tetrahydroxy-abietic acid 349 
-bufostane 669 

- -cyclohexane carboxylic acid 135, 391 
-dimethyl-dihydro-flavonol 447 

--flavane 400, 402 
—flavanol 401, 403 
—flavone 444 
--flavonol 445, 446, 447 
-flavylium chloride 449 

- -menthane 228, 269 

-methyl-anthraquinone 430 

—terephthalic acid 148 
Tetralin 176 
Tetralol 172 
Tetralone 490 

Tetramethyl-anhydro-haematoxylin 466 

-haematoxylone 466 

—cyclobutanedione 38 

-cycloheptatriene 71 

-cyclohexane 88, 89 

-cyclohexanol 99 

-cyclohexenone 116 

- -cyclopentanol 302 
-cyclopentanone 66 

-deoxy-haematoxylone 466 

- -diamino-cydo-octadiene 76 

-diethyl-porphin-propionic acid 468 
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Tetramethylene 35 
Tetramethyl-haematoxylin 456 
Tetramethylol-cyclopentanone 57 
Tetramethyl-porphin-tetrapropionic acid 
458, 463 

— -tetrahydrobenzaidehyde 128 
Tetraphenyl-cyclopentadiene 51 
-cyclopentadienol 52 

-cyclopentadienone 58 

- - -cyclopentane 48 

> - -cyclopeutenolone 58 

-cyclopentenone 57 

-cyclopropane 24 

Thamnol-carboxylic acid 381, 385 
Thamnolia vermicularis 385 
Thamnolic acid 385 
Thea saponin 512 
Thea sinensis 403 
Theelin 591 
Theelol 593 
TheUphora species 433 
Tbelephoric acid 433 
Thevetia neriifolia 527, 531 
Thevetigenin 526, 529, 530, 531 
Thevetm 526, 531 
Thio-bomeol 280, 281, 288 

- -camphor 281, 287, 288 

- -camphoric acid 309 
-imide 307 

- - -chrome 477, 571 

-fenchone 316 
Thitsi lac 394 
Thitsiol 394, 478, 495 
Thuja plicaia 133, 229 

- species 241, 412 

Thuja-dicarboxylic acid 32, 242, 243 

-ketonic acid 29, 165, 241, 243 

-menthene 245 
-menthol 244 
-tert. 245 

- -menthone 244 
-^menthylamine 245 

-oil 316 

Thujane 165, 240, 241, 242 
Thujene 211, 226, 241, 242, 243 
Thujone 29, 32, 165, 234, 241, 242, 316 
Thujyl alcohol 165, 241 
--amine 241, 242 
Thyme oil 210, 224 
Thymoquinone 422 
Thymus gland 579, 597, 603 

— hormone 579 

-^nucleic acid 372 

Thyreotropic hormone 579, 600 
Thyresol 336 

Thyroid gland 579, 682 
Thyronin 683, 585 
Thyroxin 421, 579, 682 
Tigogenin 621, 524, 525 
Tigogenone 521 


Tigonin 620, 521 
Timbo root 503 

Timothy-grass bacteria, nucleic acid 
373 

Toad flax 443, 445 

— poisons 545 
Tocopherol 569 
Tolane 3 
TolubaJsam 355 
Tomatoes 412 
Tonephin 601 
Toringin 443 
Tomesite 340 

Torula rubra 414, footnote 4 
Torulene 414 lb 
Toxicaric acid 507, 510 
Toxicarol 478, 503, 504, 610 
Toxicarolone 510 
Trianhydro-periplogenin 539 

-strophanthidin 541 

Tribromo-coccm 430 

— - -cyclobutane 36 

-cyclopentadiene 51 

—-cyclopentene 51 

— -cyclopentenone 55 
—menthane 209, 224 

-menthanol 260 

-terpane 209, 224 

Trichloro-ben^ene hexachloride 92 

-•-cyclohexane 92 

-tetrone 114 

-cyclopentane 51 

-trione 59 

-cyclopentene dihydroxy-carboxylic 

acid 67, 68 

-methylcyclopentanol 55 

-semibenzeues 97, 120 

Tricin 445 
Tricyclal 319 

Tricyclene 182, 188, 251, 270, 274, 276, 
319 

Tricyclenic acid 265, 276, 297, 319 
Tricyclo-eksantalal 333 
--eksantalic acid 333 
Tricyclol 319 
Tricyclo-octane 167 
Tri-cyclopentadiene 50, 182, 189 
Tricyclo-trimethylene-benzene 178 
Trideca-acetyl-solanin (t) 377 
Trifolium incamatum 447 

— pratense 364 

Trihydroxy-amino-flavylium chloride 
448 

-anthraquinone 428 

-benzophenone 452 

-cholai^c acid 550, 559 

—-chromone 456 
—cyclopentene-dione 60 

-c^ethoxy-flavone 445 

—-flavane 402 
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Trihydroxy-flavanol 402 

-flavanone 360, 361 

-^flavone 443, 444 

-^flavonol 446, 446 

-flavylium chloride 448 

-isoflavone 362 

-^methoxy-flavanone 360 

-isoflavone 363 

-^methyl-anthraquinone 429, 430 

-carboxylic acid 429 

-palmitic acid 360 

-^phenyl-cyclopentadienolone 68, 425 

-styryl-methylenedihydroxy-phenyl 

ketone 436 

-tetrahydro-flavonol 446 

-trimethoxy-isoflavone 363 

-xanthone 462 

Triketo-cholanic acid 660 
Trimethoxy-brasan-quinone 466 
Trimethyl-allo-brasilin 466 

-anhydro-brasilin 465 

-brasilone 466 

-benzyl-cyclopentane 66 

-brasilin 464, 466 

-brasilone 466 

-carballylic acid 314 

-cycloheptadienone 73 see also 

Eucarvone 

-cycloheptanone 72 

-cycloheptene aldehyde 72 

-cyclohexadienol 105 

-cyclohexane 89, 91, 116 

-carboxylic acid 207 

-tetrone 114 

-cyclohexanol 91, 96, 99, 100, 120 

-cyclohexanone 87, 110, 236 

— — carboxylic acid 136, 188, 289, 301 
-cyclohexene 96, 116, 203 

" -cyclohexenone 110, 116 

— -cyclopentane acetic acid 66, 304 

-carboxy-propionic acid 321 

-dicarboxylic acid 63 see also Cam¬ 
phoric acid 

-cyclopentanol 52 

-cyclopentanone 66, 66, 87, 302, 303, 

312 

-acetic acid 301 

-carboxylic acid 309 

-dicarboxylic acid 68 

— -cyclopentene 62 

-cyclopentenone tricarboxylic acid 

164, 304 

-cyclopentyl-acetic acid 66, 304 

-cyclopropane 23 

— -cyclopropyl-ammonium hydroxide 24 
-deoxy-brasdin 466 

-dicyclohexenyl-ethane 162 

—dihydro-anhydro-braflilin 466 

-.-benzaldehyde 124 see also Saf- 

ranal 


Trimethyl-dihydro-resorcinol 112 
Trimethylene 1, 28 see also Cyclopropane 
Trimethyl-flavin 673 
—-hexahydro-benzaldehyde 123 

-salicylic acid 136 

-methylene-cyclohexene 97 

-^methyl-tetrahydro-naphthalene 174 

I 1:2: 6-Trunethyl-naphthalene 337, 888 
1:2: 6-Trimethyl-naphthalene 128 
1:2: 7-Trimethyl-naphthalene 888, 360, 
616 

Trimethyl-norcamphane 278, 274 

-oxido-cycloheptylidene-trimethyl- 

oxido-cycloheptenone 163 

-pentadecanone 323 

" * -phloretin 360 

-succinic acid 284, 306 

-tetrahydro-benzaldehyde 128, 206, 
206 

— —benzoic acid 182, 207 

, - - -tricarballylic acid 284 see also 
I Camphoronic acid 
Trinitro-cannabinol 611 
Triphenyl-cyclobutanone 37 
—cyclopentadiene 61 

-cyclopropane carboxylic acid 27 

-dimethyl-cyclopentadiene 61 

-cyclopentane 48 

I-methane 3 

I-methyl-cyclopentadiene 51 

I --cyclopentane 48 

I Triquinoyl 60, 113 
I Tris-decahydro-decacyclene 179 
I Tri-thiocyclopentanone 60 
j Tritico-nucleic acid 373 
j Tritienm dicoccum 446 
I --repens 356 
Trixis Pipitzahuac 327 
Tropaeolic acid 367 
Tropaeolum mains 367, 412 
Tropidine 73 
Tropilene 73 
Tropilidene 71 

— carboxylic acid 73 
Tropine 70, 72, 73 
Truxane 46 
~-diol 46 

Tnixillamic acid 39, 41, 42 
Truxillic acid 34, 41, 42, 46 

— - (Liebermann*s) 42 
—'ketone 38 

Truxinamic acid 39, 42, 43 
Truxinic acid 34, 42, 48 

— ketone 38 
Truxone 41, 46 
Truxonic acid 46 
Trypanosomes 612 
Tsuga resin 397 
Tsugaresinol 397 
Tsugic acid 397 
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Tsuta-urushi-lac 394 

Tubadiolic acid 605 

Tubaic acid 604, 605, 606, 607, 609 

Tubanol 604 

Tubercle baciUi 47, 66,103, 364,373,612 

-fat 648 

Tuberculinic acid 373 
Tuberculosis 65 

Tuberculo-stearic acid 354, 478 
Tunicin 461 

Tunny-fish liver oil 662, 666 
Turacin 461, 468 
Tnraeus species 463 
Turmerone 326 
Turpentine 348, 349 

— oil, general 219, 260, 263 

— —Algerian 261 

-American 261, 266, 274 

-French 261, 265, 260 

-German 246 

-Greek 261, 260 

-Indian 246, 334 

-so-called Russian and Swedish 209 

-Spanish 261 

-sulphate 209 

-Sumatra 246 

■-from wood 219 

Tttssilago farfara 413 
Tussore silk hbroin 371 
Typha angnstata 447 
Typha glucoside 447 

Umbelliferone 367, 498 
Umbellularia californica 245 
Umbellularic acid 31, 246 
Umbellulone 165, 245 
Umbilicaric acid 383 
Umbilicarinic acid 383 
Uncaria Gamhir 403 
Upaa tree 642 
Urinod 115 
Uro-bilin 463, 467 

-bilinogen 463 

--flavin 476 

-porphyrin 456, 461, 462, 463 

Urs^c acid 519 
UriMeoxycholic acid 560 
acid 619 

tlnHol 894, 478, 495 

VsM arlienlata var. asperula 388 

-^i^bata 384, 385, 401 

— iongissima 384 
Usneol 402 
Uimetic acid 401 
lUetol 402 

Wc add 401, 407, 423 
■Iroverdin 466, 467, 466 
■ora 633 

P»ffigenin 626, 629, 630, 582, 633, 639 
faarin 526, 588 


I Vaocinin 392 
• Vaccininm myrtillus 450 
! — vUi8 idaea 392, 449 
Valerian camphor 277 

— oil 277, 278 

j —root oil, Japanese 331 
Valeryl-tetrahydrobenzoic acid 139 
! Valisan 278 
: Valyfen 280 
Vanillin 366, 357 
! Vasopressin 679, 601 
! Verbanol 267, 268, 261 
: Verbanone 260, 260, 261 
I Verbanylamine 260 
j Verbanyltrimethylammonium hydr- 
I oxide 267 

I Verbascum ihapsns 413 
! Verbena oil 204, 260 
I Verbenene 267 
Verbenol 238, 252, 268, 260 
! Verbenone 186, 238, 250, 261, 262, 268, 
' 260 

I Verdoporphyrin 468 
j Vernine 376 
' Vesicular gland test 689 
' Vestrylamine 248 
I Vetch, wUd 366 
Vetivazulene 330 
, Vetivene 336 
i Vetiver oil 330 
I Vicia species 376 

— angttstifolia 366 

— faba 375 

— sativa 376 
' Vicianin 366 

! Vicine 362, 376 
j Vinaconic acid 29 
Vinca minor 446 
1 Vinyl-cyclopropane 28, 26 
Viola comuta 366 
Viola tricolor 413, 447, 460 
Violacein 476 
Violanin chloride 460 
Violaquercitrin 447 
Violaxanthin 153, 409, 418, 420 
Violutoside 366 
Viper grass 367 
Virginia creeper 461 
Vitamin A 122, 127, 409, 411, 413, 419 
421, 661, 662, 671 
Vitamin Bi 477, 569, 671 
Vitamin 476, 571 

Vitamin Be 576 
Vitamin C 675 
Vitamin 661, 662, 566 

Vitamin D 3 566, 667 
Vitamin E 668 
Vitexin 446 
Vttis vinifera 451 
Viverra eivetta 78 
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Vulgaro-bufotoxin 646 
Vulpinic acid 47, 391, 407, 488, 440 
Vultex 339 

Wagner rearrangement 267 
WaUflower, yellow 367, 447 
Washington cedar 133 
Water-avens, common 366 

— -cress seeds 368 

-fennel oil 229 

-melon 412 

Wheat germ oil 662, 669 
Wheat germs 373 
Whortleberry 392, 460 
Willow leaves 366 
Witchhazel 392 
Woad 377 
Wogonin 444 
Wood spirit oil 109 

— tar oil 67 

— - turpentine oil 219 
Woodruff 357 
Wonhseed 488 

Wormseed oil, American 210, 226 

-European 220 

Wormwood oil 242 

Xantho-bilirubic acid 464 
—-gallol 48, 69 

-gallolic acid 69 

—-phyll 408, 412, 417, 420, 664 
Xanthopsia 488 


Xantho-pterin 407, 476, 476 

-rhamnin 447 . 

-toxin 498 4 

~ -toxol 498, 602 ♦ 

Xanthoxylnm bndrnnga 240 ^ 

— piperitum 406 f 

— rhetaa 240 ^ 

Xylindein 433 

Xylitone 116 ^ 

Xylylene-diketo-hydrindene 169 ^ 

-^fluorene 169 


Yangonic acid 436 
Yangonin 435, 486 
Yangonol 436 
Yarrow oil 330 

Yeast 366, 371, 374, 376, 460, 662, 670, 
671, 672 

— nucleic acid 373 
Yellow body 412, 475, 691 
Yew 412 


Zea mays 412 

Zeaxanthin 408, 412, 416, 418, 420, 421 

Ziera macrophyUa 332 

Zierone 331 

Zingerone 393 

Zingiber officinale 393 

Zingiberene 174, 324, 826 

Zingiberol 326 

Zymosterol 648 
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